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PREFACE 

The last revised edition of this Manual was published in 1897. 
Since then Bridge Engineering has made considerable progress and it 
has become necessary to rewrite the Manual revising those parts which 
need bringing up to date and adding fresh matter where it is absolutely 
necessary to meet present requirements* 

The introductory chapter and the chapter on Reinforced Concrete 
Bridges are entirely new, while the chapters on Foundations and Iron 
or Steel Bridges have been rewritten to accord with modern practice. 
The chapter on Temporary Bridges has been taken largely from some 
very useful notes on the subject recently prepared for the College by 
Major A. H. Cunningham, BE. 

In writing the Manual, the Author has endeavoured to confine 
himself to practical details of construction and to avoid elaborate 
mathematical calculations as far as possible , but, in a technical subject 
of this kind, it is not pos'^ible to make all explanations clear without 
some reference in places to the theories on which practice is based. 
Where the calculations involved were of a lengthy and Cf^mplex nature 
as in the case of iron, reinforced concrete, and arch bridges, he has put 
them in an Appendix to simplify the text as far as possible. 

Many of thejecent publications on the subject of bridge construc¬ 
tion have been consulted in collecting up-to-date information for the 
Manual but the Author is chiefly indebted to the following books and 
papers : 

], Notes on temporary bridges by Major A. H. Cunningham, »,E. 

2. Minutes of proceedings of the Institution of Civil Engineers. 

3. “Civil Engineering” by Vernon Harcourt. Published by Messrs. 
Longmans, Green and Co,, London. 

4. “Manual of Reinforced Concrete", by Marsh and Dunn, Pu' 
lished by Messrs. Constable and Co., London, 

5 . Reinforced Concrete by Buel and Hill. Published by the Engi* 
neering Publishing Co., New York. 

6. Notes on Reinforced Concrete by Captain J, Fleming, r.b. 
Chatham, 1910. 


lOiA September, 1915. 


C. E. V. G. 
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CHAPTEB 1 

INTRODUCTION 

Origin and development of bridge building— Existing ruins 
nnd ancient lecords indicate that bridges have been used since the dnwn 
of history. In pre-historic times, primitive man crossed rivers on rafts 
or rough boats, and smaller streams by rude structures of logs or stone 
slabs thrown across them or on stepping stones, but the growth of civili¬ 
sation and commerce created a need for more substantial and perma¬ 
nent crossings. The human race is supposed to have originated in 
Assyria, Babylonia and Egypt, and the first traces of bridges have been 
found in these countries. The art of bridge construction has been 
evolved gradually with the building of cities and the development of 
civilisation from age to age. The materials used in ancient times set iu 
to have been much the same as now, the difference in construction being 
chiefly in the forms employed in putting the materials together. The 
bridges of a very early date were more or less of a temporary nature 
uwing in those days to thcj constant liability to war during which bridges 
offered facilities to the invader as they now do to commerce, Many ot 
the ancient bridges best known in history were built during military 
campaigns for the transportation of armies, and they are described as 
some of the most important achievements of those who conducted the 
campaigns. 

2. Arched bridges —The most common form of bridge is the 
arched type. The date when arches were first introduced is uncertain 
but they have been found in recent excavations at the supposed sites of 
Nineveh and Bibylon which were destroyed in the seventh century B. C. 
These arches covered underground structures which are supposed to have 
been sewers. In the ruins of Khorsabad. 15 miles from Nineveh, 
gemi-circnlar voussoir arches of 13 feet span have been found over 
gateways in the City wall which date back to at least 720 b. C. These 
are some of the earliest known traces of tho true arch, but false arches 
over doors and gateways have been di'^covered in even more ancient 
ruins. JMost of tho early forms were refill v corbels, bracket ted out from 
the supporting piers and meeting at the span centre, exerting only 
vertical reactions. 

In Persia, the oldest existing bridge is over tho river Diz in Kurdis¬ 
tan. It is 1,250 feet long. It was built 850 B. 0. and is stili in a fair 
state of preservation It consists of 20 pointei arches, eicli of 25 feet 



2 


CHAPTER 1 


epaOi between piers 29 thick. A sketch is given below, Fig. 1. The 
large pointed arches and the small ones abovejthe piers are charac¬ 
teristic of the architecture of those days. 



Masonry arches are known to have existed in China long before tho 
Christian era. They were used for carrying the well known “Great wall 
of China” over streams and rivers. There are no records of ancient 
bridges in this country, but the Chinese are believed to have been 
among tbe earliest bridge builders and contemporary with the Baby¬ 
lonians. They used both slab and arch construction. 

The bridges of ancient Greece, 500 B. o. and earlier, were built 
with heavy piers and abutments of stone spanned by wooden beams or 
Slone lintels do welled together, Tbe Assos bridge, a good type of 
ancient Grecian bridges, had 17 piers, diamond shaped in plan and 10 
feet apart at the nearest angle, with stone lintels 20 inches thick and 
24 inches wide, dowelled together. In later years, Grecian bridges 
were built with the upper stone courses projecting, one beyond another, 
to meet in the centre in the form of a false triangular arch. The 
semi-circular arch used at a later date was developed from the earlier 
false arch. 

The old Roman bridges have shown the greatest permanence. There 
are still about 20 in existence which are built at or before the com- 
menoement of the Christian era. For 2,000 years or more they have 
resisted the destructive effects of 6oods, earthquakes, and wars, and many 
of them are still in a good state of preservation. Though built without 
much theoretical knowledge of their stresses they are Ivell designed 
and constructed. The arch stones were fitced so carefully that they 
appear to have been ground together. No mortar was used in tbe joints 
but tbe stones were bound together with iron clamps. IJp to the 6th 
and 7th centuries B. 0. tbe piers of Roman bridges used to be corbelled 
out to meet at tbe clntre, but after that the semi-circular arch began 
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to appear and all Roman arches were of that form. The span of the 
old Roman bridges rarely exceeded 70 to 80 feet and the piers were 
very thick, often one-third of the span. They generally had an uneven 
number of openings with the spans decrv^asing in length from the centre 
to the ends. 

3. Wooden bridges —Herodotus, ^‘the father of history'* has 
given us blie earliest record of a wooden bridge. This was built 783 
B. c. over the river Euphrates in Babylon, It had stone piers con¬ 
nected with wooden platforms which were removed at night to prevent 
thieves from entering the city. It was 600 feet long and d5 feet wide. 
Another historian says the bridge was covered by a roof and it rivalled 
iQ beauty and magnlGcence any other structure in Babylon. 

4. Floating bridges —Floating bridges, with casks as floats, were 
used for military purposes in very early times. They are mentioned by 
Homer as common in his time, about 800 B. C., and they are referred to 
in the writings of Herodotus and Xenophon. The earliest bridge of this 
kind of which details are recorded was built by Cyrus, King of the 
Fenians, in the year 536 B. o. He used niflaoad s-cins as floats. 

5. Suspension bridges —The suspension bridge is one of the 
earliest) types known. It was used in remote ages iu China, Japan, 
India, Tibet, Mexico and South America. In all early forms, the road 
platform was carriel direc&ly on the cables which were usually twisted 
vine or straps of bide stretohe i tightly to remove sag. The cable ends 
were fastened to trees or other fixed objects on shore. The first bridge 
of this kind of which there is any record in history was built 65 B. C. 
by order of the Emperor Ming in the province of Yunnan in China. It 
was 330 feet long with a plank floor resting on two chains. This type 
of bridge has not developed as rapi lly as other forma owing chiefly to 
its lack of rigidity. A more primitive type, still in use in remote parts 
of the hills in India, consists of a single rope with a basket suspended 
from it. The latter is drawn backwards and forwards on the rope by a 
smaller rope or cord. 

6. Iron and steel bridges —Iron and steel in the form of arched 
ribs, girders and cantilevers were not used as materials of bridge 
construction till the middle of the 18th century. The first cast iron 
arch bridge was built in England over the Severn river at Ooalbrookdale 
in 1776 and is still in good condition. It has a span of 100 feet with a 
rise of 45 feet. There are five ribs, and each rib has 3 concentric rings 
joined together by radial pieces. This was the first bridge, composed 
entirely of iron, built in any country. The first usefnl wrought iron girder 
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bridge was built by George Smarrj in 1824 on the Dublin Drugheda 
Railway. It consisted of lattice trusses of 84 feet span composed of 
vertical framing and diagonals inclined at an angle of 80^ to the vertical. 

7. Reinforced concrete bridges— These are of very recent origin. 
Iron and copper clamps have been used for some time on the eitrados 
of an arch to prevent joints opening up, but the advantage derived 
from such clamping was not very great as it did not provide for the 
moment producing tension on the intrados, and failure could take place 
by the opening up of the joints on the lower side. The general applica¬ 
tion of reinforced concrete in engineering and architectural works dates 
from the introduction of what is now known as the JVIonier system by 
Jean Menier of Paris in 1876. At first Monier only used one system of 
netting on the lower side, but this offered no resistence to the moment 
producing tension in places in the extrados and, as in the case of the old 
clamped vousaoir arches, the metal reinforcement did not furnish any 
considerable increase in strength. Mouier arches were afterwards built, 
as they now always are, with two nettings, one on the upper and one on 
the lower side. Further developments of this method of constructiou 
will be found in Chapter VI.^ 

8. Various types of bridges— Bridges may be either floating or 
fixed, temporary or permanent, and may be made of rope, wood, brick, 
stone, concicte and reinforced concrete, iron or steel. In design they 
may be classified as temporary bridges, wooden bridges, suspension 
bridges, arched bridges of masonry, brickwork, or concrete, reinforced 
concrete bridges, iron and steel bridges. In the following chapters 
they have been described in order according to this classification. 

’^StndentB who to make a farther study of the gradual duvalopmeut of the 
art of bridge building should read of Bridge Ifingiueeriug, *<by H, G. Tyrrell* 


CHAPTER II 

SITF, WATERWAY AND DESIGN 

P, Site —When tlie place where a bridge is bo be erect^-d is uot 
determined by the position of a road which it is inexpedient to alter 
the site which offers the most security for the foundations, fhe straighceet 
reach of river up and down stream at right angles to the crossing, and 
the greatest economy in constrnction is to be preferred. If rocky 
foundations can be had, they will save much expense and anxiety ; if 
not, any place where the river runs between high permanent banks wilt 
be good, as the course of the river will not be liable to alteration and 
ihe amount of water to be passed is easily know^. In the plains of 
N orthern India, however, neither of these conditions is often met with. 
From the flatness of the country and the vast quantity of silt brought 
d wa by the waters of an Indian river during the heavy freshes caused 
by the melting of the snow in the hills anl the periodical falls of rain, 
the bed levels and the course of the stream are perpetually being altered.. 
No one who*hi3 not watched one of these large rivers for some years 
w >al(l believe the extraordinary changes that occur in quick succession. 
Tako for instance the Jumna at Okhla, below Delhi ; the river discharged 
140,0 ?0 cubic feet per second in the floods of 1871, and only 3,800 
cubic feet per socon 1 in the wintor of 1^71-72. Even in cases where 
the b ;d and banks are comparatively sMble, great variitioris in flood 
volume) are caused by exceptional falls of rain; thus, neir Kasganj 
ou the ITih July, IS85^ a flood exceeding 100,0 )0 ciioic feet per second 
pxssed down the Kali Na li, the m iximam known fl>o l up to 1870, being 
«»aly 26,382 cubic feet pai' second. Again consider the ease of the Indus^ 
above its junction with the other Pu ijub rivers; its discharge in winter is 
13,00) cubic feet per second, in summer at least 120,000; its proper 
banks at this place are three to four mile-* apart; its cold weather channel 
in one year may be 1,000 feet across, an 1 in the next year in the same 
place there will be three channels instead of one, separated by islands of 
sand ; the ferry has often to be shifted two miles or more, up or down 
stream in two following years; in four yoa^s cut away l^ miles of bank, 
measured perpendiculary, and threatened destruction to a large town, and 
the next year the deep stream shot off to the opposite side three miles 
from the town. 

10. It is evidently impossible, except at an 0norm)us expense, 
to bridge the whole of such a stream as has been described, nor indeed 
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is it oecessary or advisable. What must be done is to provide waterway 
for the largest amount of wauer that can ever be^expected to p ass, and 
at siich a velocity as shall not be dangerous, and then to connect tlie 
bridge with the high ground on each side by massive embankments 
carried across the valley of the river, culverts of suitable waterway 
being provi ied, if absolut dy necessary, whore these embankments cross 
natural side channtds or spills from the river.* For convenience sake, 
the bridge might be built in the dry bed near one of the banks and the 
water turned through it when it is ready, it b ing understood that the 
natural or artificial reach thus bridged should be as long and us nearly 
at right angles CO the bridge as possible. It is also evident that the 
river, especially if liable to scour, should have as few assailable points 
presented to it as possible, i.e., that the piers should be few in number ; 
which, of course, implies large spans. Hence is seen the great advantage 
in the employment of iron girder bridges for iarge rivers. We can 
get in the foundations gradually during successiv e cold seasons ; then 
proceed with the piers, and finally with the superstructure, without 
having recourse to numerous centerings for turning a large number of 
arches at once, which are often surprised by the river, carried away, 
and the stability even of the finished ones endangered by all not being 
completed. In fact, the ditfioulty of consbructiug arches of large span 
within a limited time iu rnisonr^ or concrete (unless reiuforc?d) is often 
practically insuperable, and, with small arches, great obstruction is 
cursed by numerous piers, so that by the time a large bridge has been 
finished it has occasionally happened that the river has taken new course 
altogether, leaving the bridge high, and dry, and the water cannot be 
brought through iu except at a rainous expense, 

il. With large spans there is always the possibility of the river 
carrying away the road embankments, especially when the earth is now, 
and they must be watched very carefully at every point across the whole 
valley, often many mil(3S iu extent. Their thickness must be sufiSeient 
to withstand the height of water likely to be dammeil up by them in the 
highest floods, they must be carefully made of rammed earth with a 
long flit slope on the water-side, and they must be well turfed or pitched 
where snob protection is necessary. Moreover, the river itself must be 
well watohed for some tiiiles upstream, and every effort made to 
keep the stream straight and uniform in its new channel. Little can 


paca. IS (6) at to the objectioui to bridging thete side ohaanolt. They 
■hoold be doted at a role, but if for any tpeoial reatou they most be kept open they 
ehould be oontcolled by tlaioe gatei. 
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be done in fcbis way when the river in fl.)o J, bit in th^ cobi season 
tnuoh may bi effected with oomparatively small me vns if jaiicioualy 
applied. 

12. River-training —Thoui^h this operation strictly comes under 
the head '^Improvement of Rivers** which is dealt with generally in 
the Irrigation section of thesi manuals, there are certain points of vital 
importance in bridge building which musu be fully explained in this 
Manual. The guiding principle to be kept in view is that to turn a 
stream hy direct opposition is almost impossible, while to lead it is 
comparatively easy if we go to work in the right way. Any subsidiary 
channel down which the main stream shows a tendency to take its course 
should be dammed across at the head ; for this purpose, sand dug from 
the bed of the river, may be used, strengthened, if necessary, by piling ; 
or where the velocity is great, tree spurs, aligned so as to eiuse a 
diversion of the current and a silt deposit in the side channel, may be 
fixed with ropes and anchors. M 'anwhile, the set of the stream above 
the bridge should be carefully regulated and any tendency to cut away 
its straight banks checked. For this purpose, fixed spurs or floating 
breakwaters are the most practicable means for small streams, and ‘‘BelTs 
Bunds*’ for large rivers with wide sandy beds 

13, Spurs may ’>e f.)rm 3d of a doudle line of piling filled in with 
brushwood and carrioi out from the shore either perpendicularly or at 
an angle to the current. Perpendicular spurs are useful against weak 
currents. For high velooitios the spurs should make an angle with the 
bank of not more tlian 30®. The force of the water is chmked where it 
impinges on the spurs, a ne v direction is giveu t> the curr mt, and a 
considerable deposit of silt tak\s p'a^e b>th abov/e and bdow tne spur. 
It is calculated that etch spur will protect a length of shore five times 
its perpendicular distance from the bank down-stream, and three times 
upstreams, with moderate velocities. 

Where the water b'comos too deep and rapid to continue the spurs, 
floating rafts'of wood, trees, or fascines may bo fixed to their ends, and 
kopt in line by guy ropes filed on shore, or by anchors. These floating 
breakwaters may also be employed alone; they change the set of a current 
so long as they are in thdr^places, but cause a much smaller depisit of 
silo, and are, therefore, not so effectual a remedy as the fixed spurs. 

Permanent stone or kankar groynes, with cross spurs and revetments, 
have been extensively used f jr the training of rivers near large bridges 
and other river works. The latest development of protective embaukmeuts 
for controlling the flow of Urge shifting rivers with wide sandy beds is 
the Bell’s Bund system described below. Before this system of protection 
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aud traiuing was adopted, great difficulty was experienced in aecuring^ 
uninterrupted communication over such rivers in the Punjab. In heavy 
floods, the piers or embanked approaches were often destroyed wheu the 
uncontrolled current directed its concentrated force on one or two points 
of ihe bridge, or in a direction nob perpen licular to the bridge face. 

The following reprint of Government of India Technical paper No. 2B 
gives a full description of these “bunds** by Mr. J. R. Beil who first 
devised the s)stefn and after whom they are called, 

the PuDjab Rivers—which erode their banks and scour tbeir beds deeply on 
the outer ed^ee of the erosive bends--«ur practice is to retain the streari within a 
limited length of the bridge by protective bands laoed and aproued wi th rough stone 
pitohicg. In cases w here there is no solid ground on which the heads of the&e flank 
bunds can rest, we make their length apstre\m at least equal to the length of the 
bridge itself, and extend both of them downstream beyond the abutmentB to a 
distance of at least one-fourth the bridge length. 

The alignment that ia thought beat on abstract cousideiations is sketobed in 
Fig, ‘Z. In the absence of natural heads those at AA ate strengthened by very large 
mounds of stone in crises as much as 800,000 cubic feet pec bead. The extent to 
which the river should be throated between A and A depends on the number of piers 
iu the bridge asihebeso obstraot and sub-divide the ohannel that a very muob 
narrower width at AA gives a much larger efft^otive channel than that Rifordod by 
the bridge. The object of terra C{)7Uracfa on plan is to centre the river and make it 
fan out eqoally in all the »pans. As a rule the conditions of the site do not admit of 
using the vena ceniracta ground plan, and it ia found th it where th'^ bund^ diver ge 
on the upstream side there is a proportionate tendency for an island tu form iu the 
middle of the bridge which splits ^the deep channel towards the abutments. The 
downstr earn tails oi the bonds as^BB are necessary to oounieract the eddy that tends 
to oudermine the ground below either abutment. 

The cross section of band now in vogue is shown in Fig. 3 and the main (actor in 
determining its proportions id the normal deep scour of an erosive bend referred to 
as in the following portion of this note. Factor is not always easy to 

ascertain and should be carefully discriminated from the enormous depths attained 
iu purely alluvial strata by eddies. For example, iu the Cbonab aud iSutlej, eddy 
scouts of 60 aud even 70 feet below Hi>h Flood Level are known to occur, while 
40 feet is the normal erosive soonc (the S. of the diagram). Where rock is found 
overlaid by other than firm strata of probably considerable age, the rock is sure, 
sooner or later, to be scoured clean. At Sukkur the Indus cleans its rocky bed almoit 
every year at 120 feet below High Flood Level. Thu dotted section shows the 
ultimate position of the apron when scour has engulfed it. 

A fter deciding on the centre lice of the bund (which should in all cases be at least 
20 feet wide OQ top with slopes not steeper than 2 to 1 from three feet above High 
Flood Level down to the spring level at which water'is encountered when the river is 
low) the apron pit ia laid out with a width frofai toe of slope at spring level outwards 
ss £ 8. The bund is made wholly from the apron pit aud if more earth is wanted,, 
it is dug from the river side as borrow pits io rear of the bund ace very objectionable 
aud liable to induce **blows”. Where the apron pit yields more earth than is 
absolntely reqnisits the width of bund is inoreased till they balance. The core of the 
bund should, it poselble, be of fine sand and the slopes of good clay ; while the rear 
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•iope should ba wattled and planted with willows, elephant grass, or other deep rooted 
vegetation as proteotioo against the lap of wavelets that arise on the lake which iotms 
in rear < I the bund by spill or percolation* 

In the Panjab this lake Is pnrposely filled by a controllable sloioe iolet that 
brings in silt to warp up the lake bed. This pr ocess is only efiective when a hl^h level 
ontfall draws off the clean upper water and keeps op a steady iLfiuz of silt duricg 
flood time. 

We now invariably lay the apron 4 feet thick, and hence its cross sectional area 
Bs 8 X b* The total amount of stone laid in at first == S X S and the snrplas or 
reseiTd = 8X3 is stacked on the civet slope of the bund at as steep an angle as it 
will stand; usually a little steeper than 1 to 1. The top of the bund oariies a tramway 
by which the reserve can be transferred to a ny point where heavyjlsoour threatens to 
ongulf the reserte stone already in place. During the first tbree or 4 years of ita 
existenee we think it essential to renew the entire reserve when the river is low, 
and even to increase it when the indicatioLs point to our havirg undecestimatod the 
factor 8. 

Sharp«edged stone is beat; and round or even cubical pieces are found wasteful 
and inelHcient* The individual pieces should be of approximately one size and tbeir 
weight ought to bo the greater as the veloci ty of the stream increases. For 6 feet per 
second average velocity, atoues averaging I cw t. suffice, if sbarp.edged and of high 
specific gravity, to revet a sub'jiieoua slope as far down as the scour extends. We 
attribute the success In point of stability and economy that has so far invariably 
attended this method as compared wUh that of stone faced spurs to the fact that the 
latter provoke and ioteotify eddy scours, while the former tends to elimlnato eddies and 
to straighten .)Ut and so minimise the attacks of ht^nd iconrs, ^ 





Fig 3. 
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CHAPTER II 


15. Several years after these bnoda were first introduoed ia the 
Panjab by Mr, Bell, Teehnical Paper No. 153 was written by Mr. 
Francis Spring, Chief Engineer. P. W. D., giving the results of the 
experience gained in different parts of India in constructing guide banks 
on ibis principle. This paper contains exhaustive information on the 
subject and should be studied carefully by all Engineers undertaking 
large bridges over wandering alluvial rivers. The most important 
points brought forward in the paper regarding the design of guide 
banks are summarised in the following notes for convenient reference. 
The student should defer reading these notes till he has read the rest of 
this chapter which follows the notes from paragraph 17 onwards. 

1. To asoertain the actual length of bridge required between a pair of guide 

Very coar»e— Qa.rti- tree proceed as followfl Piud the maximum 

Horn mica 40 % stopped by a 30-wire flood discharge at the beleoted crossing by one of the 
mesh and remainder by a 40 wire. ® ® 

methods described further on in lliii chapter. Plot 

Meihum .—Half quart'/., half mica noue 

stopped by a 30*wire me>^h and noue to the oroBS section of the river at the crossing 
go tb rough a l<x)-wire mesh except a 

were trace. showing the highest flood line and on it draw a 

Very Micnoheous silty «and 90 revised ideal seotioa deeper all over than the exist- 
% to p.s. throoga a ICO «i«.mcsh. g 14 oc 16 feet according ae the 

bed consist of very coarse* ooerse, medium, fine or very fine sand. Mr, Sprin;a^ s clas¬ 
sification of sands ia noted on the margin. Pick out the deepest and best p.vrt of this 
deepened section, and calculating the velocity for this section by liuttet’s formula 
find out how’much of it will saSBce to carry tho Citimatoi Hood discharge. The 
part 80 arrived at will be amply auffioient to carry the entire civ^r, and the remainder 
mayjbe bloci ed up, 

2. If practioabie it is bctTer that the guide banks should apptoach each other 
somewhat near their upper ends as suggested by Mr. Bell in the technical paper repro¬ 
duced above, bnt the choice between parallelism, convergoace and divergence must be 
dictated to some extant h; the condition of the bed of the river for construction pur¬ 
poses during the working season, having re ard to the fact that the apron of 

** band '* should bo carefully Uid on the dry bod or in shallow water and not in deep 
water if this can possibly be avoidc l. In any case the pair of guide banka ought if 
possible to be disposed symmetrically on eitherfside of a straight line normal to the 
centre of the bridge. 

3. The length of the upstream guide banks may be made equal to the length of 
the bridge. But due attention should be paid to the possibility of the river beading 
foued aboot and behind one of the guide banks into the still water area at the back of 
it and eroding the main approach embankment. In specially wide khadirst this 
feature may involve the nse of much longer guide banks. 

4. The length of the downstream pact of the guide bank may be a tenth to a 
£(th of the length of the bridge according to the judgmeut of the Engineer as to the 
activity of the swirl or disturbance likely to be caused by the speadiug out of the 
water on leaving the bridge, for the swirl, if there Is one, must be kept away far 
enoogh not to endanger the main approach embankmeots. 

6. The radine of the downstream curved part of the guide bank may be some- 
thiug between 801 and 600 feet* and that of the upstream curved past between 600 and 
i,000 feat according to the eetimate that may be formed of the probable velocity of the 
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oarxeot yasg it. The upstceem ourves should be oarved well roand to ^ the back: 
iolly 140*. It has been obsexyed in riyers of the oUss uoder xefexence that water at the 
velocity of 8 to 10 feet per second, led fairly past a onry 600 to 800 feet radius, will 
pass smoothly along the perimeter without produoing swirls. For lower Telooities, the 
radios may be smaller. 

6. It is very important that still water areas behind the guide banks should 
be oarelnlly maintained, and minor bridges or large oulverts should not be boiltin 
the approach enbankments of sise sufficient to cause disturbing currents within this 
area. Not only may the existence of a ourreot through such flood openings have some 
eflect in drawing the main riyer bend towards them so far as to be dangerous to the 
rear of the guide bank or even the main bridge embankment'itsell, but it may cause 
a minor dengeroua ourreot along the oomparatively noarmonied approach bank and 
produce a secioue breach iu it. If,for any reason, a flanking fiood opeuiog is unavoid¬ 
able behind a guide bank it should be sluiced to control the flow through it, and the 
bed and banks on both sides should be heavily pitched to guard against scour. 
Though large fiood openings near guide banks are objectionable for reasons above 
stated, quite small culverts about (2'X4') may pro?e very useful for a number of 
years to aid in the gradual silting up of the still water bay, for, naturally the 
greater the quantity of silt laden water that passes slowly oyer the bay the more silt 
will be deposited. 

7. The guide bank section and its armour should be as follows :—Tbe earthen 
part of the bank should be 20 feet to 80 feet wide on top with 2 to 1 slopes on both 
sides and a freeboard of at leust 4 feet over the highest flood level. Borrow pits 
to be on the river aids . If the banks ate entirely of sand, then uncovered rear slopes 
should be coated with a foot or two good eatth to encourage growth of vegetation 
and long grass. The thickness of pitching on the river slope will vary according to 
the flood velocity expected, la very coarse sand, tbe tbiokness will be from 16*' to 
2b' for yelooities ra'^giug from 6*7 feet per second to 10*5 feet; in medium sand from 
28' to 40*, and in very fine sand from 40' to 52' for the same range of vekeities^ 
The pitching should be of rough augalar stone or block kankar, and round stones 
shoald bo avoided as far as possible. Towards tbe face the stones should weigh 60 to 
I 2 O lb., but the stone next the earth bank might be siualler, The thiokness of pitching 
noted above may be reduced 6' all round on the slope if the stone is oarelully gradua¬ 
ted in sise, laying small quarry refuse next tb^ and the larger stone outside* 
The apron should be laid as shown in the sketch betow wuich explaiast itself 
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16. 'With reference to the foregoing, the following notes have beenc 
contributed by Mr. F. R. Bagley, M.I.O.E., late Chief Engineer, North- 
Western State Railway, who has had a very wide experience of bridge 
building in India : 

1. T1i 9 length of Bell'd '* Banda ’’ above a bridge bears no relation praotioally 
to the length of the bridge. The main point to be considered in deciding what the 
length of the ** bands’* should be is the extent to which the river is likely to cut in 
at the back of the bands” before it makes a short out across the ** bands” and 
■taighten itself out. No Punjab river has been known to out in more than 600 
feet behind properly designed ** bands *’ and allowing a margin of 500 feet a length 
of 1,0*10 feet on the upstream aide is ample for snch rivers. 

2. Similarly there is no cooneodon between the length of the bridge and the 
length of ^*band ** required on the downstream side ; 800’ feet is an ample length 
for t>^e ** band ” below the bridge. 

3. Curves at the terminations of the ** bands ** above the bridge do not make 
the onrcent pass smoothly along the perimeter as stated by Mr. Spring, but deflect 
it at a tangent producing destructive eddies. Upstream heads should be eqpare and 
parallel with the flood stream finishing off in long flat slopes. 1 to 7, and a heavy 
apron. 

4. The tbiokriesi of the apron should vjiry from 1" at the heads to about IV oa 
eaoh side of the bridge. 

5. The guide banks should be laid out pecpetidicular to the bridge without any 
divergence or convergence* 

6- The top of the guide banka should be 8 f et above high flood leva! as an afflux 
of 5 feet has sometimes been known to ocour in the bay behind the bank* 

7. A thiokneis of 13' to 24' is sulfioient for th^ pitching of the w.itoc faoa above 
the apron The pitching shotild be carefully haad-paokod. All the individ lal pieces 
need not be of one size>—small pieces to the extent of per cent, are useful in tilling 
interstices. Round pieces are not so good as angular, but, in plsoea whore angular 
stones arc not readily available, boulders may be safely used in the lower paita If the 
upper layers are of shacp-edg^d atone. If nothiug but boulders oan be obtained ate 
reasonable cost tha upper layjca should be of rouud stone enclosed in stout wire 
netting. 

8- With reference to pacugrsph 15 (1), the usual practice is to allow 15 feet of 
scour in Punjab rivers and taka a velocity of about lO feet a second through the 
waterway allowed, 

17. ‘Whea atraighteniug the chanQol of a river to provi'le a fair 
rufi on to aaJ through a bridge care must bi taken not to aliorten the 
course unduly. It is evident that the natural length of the channel of a 
river running in soil liable to erosion is determined by the velocity of 
the current, or more properly speaking by the silt-carrying capacity 
of the stream. Now this capacity is, to a great extent, inBoeaced by 
the slope of the bed, and aborteniug the length of the ohannel will 
certainly increase the slope and the erosive power of the river, resulting 
either in charges of coarse in the river at a distance from the bridge, 
or in destructive action on the training works in the straightened reach. 
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Thig simple condition is frequently overlooked in designing training 
works. Its neglect is sometimes the cause of great soour under pier 
bridges and of heavy action above and below those provided with 
floors. 

18. When rivers occupying broad flat valleys are liable to exces¬ 
sive floods at long intervals of time, and the cost for road bridges of 
full waterway is considered prohibitive, metalled dips or paved cause¬ 
ways at suitable points in the embacked approaches maybe provided 
as a cheap and moderately eflBcieut expedient. In such cases the per¬ 
manent bridge should be given waterway sufficient for the normal 
floods, and the dips made large 0 u.)ugh to piss the surplus due tc the 
maximum dis charge with a moderate velocity. The sites and dimen¬ 
sions of dips should be designed so as to prevent the formation of 
lergo side channels which might endanger the stability of the bridge, or 
the permanence of the main river channel. Dips on well foundations 
have been made in some places in the Punjab, even on branch railway 
lines, to keep down the cost of the lines aa far as possible where the 
-depth of wacer is small and floods occur but seldom. 

19. The site of the bridge should be cirefully watched even after 
the bridge has been built and the river has been taken fairly through 
it. A little care and attention before and during 6oods and the judicious 
employment of buoda and spurs will, in a short time, cause a silt deposit 
up to flood area level on both banks of the river. This will reduce the 
danger of future changes, strengthen the approaches, and improve the 
aipearance and healthiness of the site. 

Waterway 

20. The Engineer’s next step, after decidiug where to cross, is to 
Rscertain the amount of waterway which he must allow for his bridge 
and this is often a difficult task. 

When the banks are well defined and the river does not overfl »Wj 
the question is comparatively easy ; but when, as is frequently the case 
in India the river channels bold mere rivulets or are perhaps dry in 
the hot weather, while in the rainy season, th.ey arc in high flood spread¬ 
ing over a wide expanse of country, the question becomes one of some 
intricacy as it is diihoult under th-^’se conditions to distinguish the 
moving current from the bacicwatur and lo determine the velocities 
at which the water is flowing iu different p irts of the cross seciioa. 
The Engineer seldom has an opportunity of seeing the highest floods 
himself and must therfo^e obtain his information from others. Even 
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if be 80 fbrtnoato as to witness a flood himself be has probably not 
the means at hand at the time for measaricKj the seoiioas and observing 
the t^iocittes. 

21. Calculation of maximum discharge -in drawing up a pro«^ 
jeot for a bridge it is necessary to estirouti the max%m\ji,m d^aohar^ge of 
the river or stream to be crossed in ordt^r to 6x the dimensions of 
the bridg e In ordinary practice there are two methods of estimating 
the discharge : these should be used, when possible, as checks on one 
another. 

(I) Measurements ot the mean cross ^eJtion of the highest 
flood and estimation of the mean velocity either (a) by applici- 
tioQ of Kutter*8 or Bazia*3 formula, or (b) by direct observa¬ 
tion of vel'Kjity by means of floats or a current meter. 

(II) Measurement of the drainage area, observations of the 
maximum rates of rainfall on this area and estimation of the 
amount which reaches the site of the bridge. 

22. Calculation of diseharge from mean flool section and mean 
velocity—By the first method the discharge is obtaiuad by multiplying 
the area of the m‘an flood section by the m^an velocity, either caU 
culated or observed. 

In order to determimi the mean U tod ee^tiony the following pro¬ 
cedure should be adopted. First, determine by enquiry the height of 
the highest flood ever kuown and correct the information, if possible, 
by flood marks. Then tak« an accurate section of the river's bed at 
right angles to the course of the chaunol at the site of the proposed 
bridge and calculate the arei contained between the highest flood lino 
and the bed. Do the same at sections one mile above and one mile below 
the proposed site, and find the mean area by adding together the three 
areas thus obtained and dividing by three. 

To find the mean velocity by calculation it is necessary to know 
the mean hydraulic mean depth and the slope of the bed or water sur¬ 
face, To ascertain those, proceed as follows. Measure the length of 
the undulating line of the river's bed in each cross section, viz., the 
wetted perimeter, and divide each area by this length ; the quotients 
will be the hydraulic mean depth of each section. Add together the 
three mean depths so found and divide by three. The quotient will be 
the mean of the' three hydravlio mean depth to be used in the calcula* 
tion. Then ascertain by means of a levelling instrument the difference* 
of level of the water earfaoe at the margin at the upper and lower 
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seclioDs, i.e., the fall* of the water surface in the two mile length. This 
nill give the slope in the form of a frs'^tioa of which the anmeralor is 
the fall and the denominator the length between the upper and lower 
sections, viz. 2 miles, both expressed in feet. Having thus asoertained 
the mean flood section and the slope of the water surface, the velocity 
is obtained from the formula V=C^r7 where r represents the Hydrau* 
lie mean depth in feet, s the slope as above explained, V the meai> 
velocity in feet per second and C a co-efficient which, far from being 
constant, varies within a wide range and depends on the hydraulic mean 
depth and surface slopd as well as on the rugosity of the channel. 
Bazin’s formula for the calculation of this co-efficient Is the simpler of 
the two in oommon use, but Kutter’s is supposed to be more accurate 
aud specially suitable for large rivers and irregular sections. I'he latter 
only will be given in this Manual; the former can be readily obtained, 
if desired, by reference to any text-book on Hydraulics. The expres¬ 
sion for the value of the co-efficient C in Kutter's formula is unfor¬ 
tunately very complex. It is (adapted to English feet) as follows: 

v=cvr. 


Where C= 


41-66 


, -00381 . 


1 811 
/ 


14.(41-66 

Vr 

V is the mean velocity in feet per second, f is the modulus of 
rugosity of the bed and banks (its value varies for different materials), s 
is the slope of the water surface or bed, and r the hydraulic mean 
depth. The following table gives values of f for canals and rivers : 


Deactiplion of 


bed and bank 



Canais in Tety 6cm fine gcfivel •• •• •• *• 

Riyecs and Oi^xiala in earth in perfect order »ad regimen, and free from 
stonee and weeds .. •• •• . • . 

Biyers and canals in earth in fair order and regimen, with oooasiooal 
stones and weeds .. •• •• 

Riyecs and canals in earth^in bad order and regimen, with much atones 
and W6*>da .. .. •• •* •• •• 


•020 

•025 

•030 

035 


• The fall is often so alight that it is necessary that this layelling should bo done 
with the groitest care along both banks, if possible. The principal levelliug should 
be done between beuoh marks on the banks at the upper and lower sections, and 
finally the water surface in the river should be connected across with these bench 
marks ai noarly as possible at the same time and if possible by two different obset-^ 
TSfs at the same instant. 
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The value of the oo*efficient C will be found to depend largely on 
the value assigned to /; the value of / can only be assigned according 
to the judgment of the Engineer. To save the labour of eakulatien, 
the values of 0 for ordinary cases are given in a Table in Appendix A, 
See Example 4, ])aragraph 33. 

28. In calculating discharges from velocities obtained by the fore¬ 
going method of calculation it should be borne in mind that, if the sec¬ 
tion is very irregularly as in Fig. 5, it is necessary to divide the whole 
section into two or more fairly regular hgures and calculate the hydrau¬ 
lic mean depth, velocity and discharge of each figure separately to give 
an approximately correct result. The total discharge will be the sum 
of the discharges of the diflferent figures. 


F*i 5, 



24. If the velocity is to be ascertained by actual observation, the 
following methods should be adopted. If the stream is a small one, it 
will be sufficient to mark out two lines across it ^>0 feet apart and to 
take several observations of the time occupied by a surface float, placed 
in the axis of the stream, in traversing the distance between the lines. 
The mean of the observations gives the maximum surface velocity and 
the mean velocity can be taken approximately to be four-fifths of the 
snrface velocity, if the latter is less than 3 feet per second or nine-tenth 
if it is greater. Observations should be made at three cross section.s at 
least, one at each end of the reach and one midway at the site of the. 
bridge. If the stream is a large one, velocity reds should bo iisrd 
Two wires furnished wiih pendants at similar intervals, are stretched 
across the ends of a 100 feet run. A hollow rod, sufficiently long to extend 
from the surface nearly (but not quite) to the bottom, is started above 
any pendant at the upper section, and the time taken to traverse the 
distance from that pendant to the corresponding pendant at the lower 
section is noted with a stop watch. Experiments show that such a rod 
measut^’S very approximatdy the moan velocity of the vertical s ction in 
which it moves. The rods are of different lengths to suit variations of 
depth, the proper length to use at any pandarit being previously deter* 
mined by soundings at the cross sections. The rods are cylindrical 
hollow tubes, 1 inch in diameter, of sheet tin loaded at) the base with 
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iron and adjusted wich shot so aa to float witii about 2 inches out of the 
water. Tue top is closed and marked with a tuft of cotton wool* 
For further information on this subject see the report by Major 
Allan Cunningham, R, E. on Hydraulic Experiments at Roorkee, 
1881. 

25. Another method of finding the velocity by direct observation 
is by the use of velocity meters, of which there are many varieties in 
the market, but none of these is really of much servi^^ in the ordinary 
operations of gauging river floods. The best-known type is the Current 
Muter. This consists of a small screw, like the propeller of a steam¬ 
ship, which is operated by the current, and rucorda t'^e number of its 
revolutions on a counter. The screw is kept with its h ^ad against the 
current by a large vane placed in the rear. The instrument is lowered 
on a rod to the position required and can be put in or out of gear at 
will. Owing to friction, lip of the screw, etc., the number of revolu¬ 
tions of the screw is by no means proportional to the velo'jicy. The 
relatione between the two called the ‘ Equation of the Meter’* is ascer¬ 
tained by direct expe^ime^U on each instru n uit. Tnis is usually done 
by dragging the instrument repeatedly at diffiVent velocities through 
a known distance in still water and noting the time by a stop watch. 
From the average number of revolutions per second re3orded by the 
meter on OAc;h vertical of a cross sectio i, the mean velo^jity on that 
vertical is calculated by applying the “ Equation of the* meter. ” The 
objection to the instrument is that t!ie relation betweeu the number of 
revolutions recorded and the actual velocity is liable to be affobed by 
the moving parts becoming clogged with silt. 

25. With regarti to observation of flood velocities by rnmns of 
floats or meters, it should bo noted that, for flood discharges of river 
liable to rapid iisc and fall, the opportunity very rarely occurs of carry¬ 
ing out a sufficient number of velocity measurements in time of high 
flood to form a good estimate of the discharge, so that, for such rivers 
the formulae already given for the calculation of velocities from the 
hydraulic mean depth and bed slope are almost the only available means 
of flood discharge raeasarement. 

27. In calculating the discharge from velocities obtained by obser¬ 
vation, the followihg method is adopted : Suppose the river cross-sec¬ 
tion to be divided into convenient areas AB, CD, DE, EF, eta, of lengths 

Ig etc. (Fig 6). Verticals, 1, 2, 3, etc., mark the centres of the 
areas, and on these verticals the velocities are token. The mean 
depth at each vertical is ascertained by sounding, and the velocity 
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V is determined by observation. The discharge in any area is (Id) v 
and the whole discharge is K(ldv), the mean velocity being ^^^wher® 
A=li (Id). 


Fig.€. 



28, Calculation of flood discharge from Catchment Basins— The 
other method of estimating the discharge is by calculating the run-off 
from the catchment basin, above the site of the bridge and its embank¬ 
ed approaches, during the heaviest known rainfall. ^ The main data 
required for this calculation are the area of the catchment and the 
maximum rate of rainfall. The area can readily be found in most cases 
from a contoured survey map, as its boundary is defini d by a watershed, 
the drainage of which on the inner side flows to the basin in question 
while that on the outer side discharges into other adjoining basins. Part 
of the rainfall fails to reach the point of final discharge at the site of the 
bridge owing to absorption and evaporation. The amount lost depends 
chiefly on thernature of the soil, the fall of the country,' and the shape 
of the basin. This subject will be found fully discused in the Manual 
of Water Supply, in the chapter on Gravitation Schemes,' which is appli¬ 
cable here, mutatia mutmdia, it being understood that the run-off 
required for bridire calculations is that due bo the maximum rate of 
rainfall on a previously saturated soil, and not, as in the case of storage 
reservoirs, that deduced from the rainfall of the whole year. 

The maximum rate of rainfall for a given basin must he obtained 
from the register kept at the nearest recording station the period taken 
for estimating the rate ranging from two hours for very small catchments 
to 24 hours for large ones. The rate of discharge from the basin will 
not, however, be directly proportional to the fall because— 

(i) Very heavy rainfall is often only local, and sometimes occurs 
over a limited area not greater perhaps than 6 square milea 
round the station. Equally heavy rainfall may occur at other 
pointsio the basin, but possibly not at the same time. 
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(ii) The large^r the basin the greater the probability that the flow 
from the grounil near the point of discharge will h^ive ceased 
before the flow from remoter portions has ha'l time to come 
in. 

To provide for the proportionate redaction thus required, for 
large areas, various empirical formulae have been proposed those 
chiefly employed being— 

Ryves* formula Q=0 Mf. 

Dicken’s formula Q=Oi Mf 

Where Q is the discharge in cubic feet per second, VI the area 
of the catchment in square miles, and C, local oo-efficients depend¬ 
ing on the rainfall, soil and slope of the district Values of these co¬ 
efficients suited to particular districts are best deduced from measured 
maximum flood discharges from known catchment basins. For catch¬ 
ments in the plains of Upper India. O is generally assumed to be 675 
Cj 825. 

Mr. J. Oraig, M i. 0 E., has framed a formula^ for the discharge 
from a catchment area which appears to give reliable results— 

S=184*2 Bx log 

Where S=:the sectional area in square feet of maximum floolat the 
discharging point. 

B= Mean width of area in miles, 

L=: Mean length „ „ 

The maximum flood discharge can be obtained in the usual way 
by applying the total sectional area found by the formula to the cross 
section of the stream at the discharging point and ascertaining there¬ 
from the hydraulic mean depth, and by measuring the declivity of 
the bed. 

This fiirmnla is founded mainly on a consideration of the shape of the 
catchment area, and the accuracy of the results has been demonscratod 
by numerousiresiilts worked out by the author. 

To obtain B and L. the perimetter, or ridge line, of the catchment 
area should be rectified by means of straight lines as CD which, with the 

•See Professional Papers on Indian Engineering ”, article^ LXXX, Vol. Ill and 
XOV. OVI,.Vol. IV, Third Series. 
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distances CA and DA, will divides the area into triangles with their 
apices at the point of discharge. 

Fig 7. 


e 



For each triangle L=the mean length, and B= half the sum of the 
perpendicular distances from 0 and D to AF or L, i.e. its mean width 
so that B X L gives the area of the triangle ADC. 

The sum of discharges f rom all the triangles into which the figure 
is thus rectified will give the total discharge of the basin. 

29. As a general rule it is a good practice, when calculating dis¬ 
charges by catchment basin formulae, to test the results by comparing 
them with the actual discharges of other basins under similar conditions 
and with those obtained from flood section and bed slope formulae. To 
do this it is necessary, first, to have the usual data of sections transvers 
and longitudinal, of the river’s bed. Then to determine by a few trials 
the flood level which would give the discharge required by the catchment 
formula. This should be compared with the reputed flood level. If 
they dijffer materially, the latter should be again investigated. After 
this it will bo safe to adopt whichever result gives the highest flood 
level. 

30. No formula, however ingeniously constructed, can cover the 
entire range of conditions presented by large catchment basins. A 
enow-fed river, with a long course in the hills and then passing through 
an arid tract, can hardly be compared with one rising from springs in 
the plains and flowing tbrouagh a highly saturated country ; the rainfall 
is rarely uniform over a large area, and the length of a basin has a 
controlling and regulating influence on the floods passing off it. Perhaps 
the most difficolteases to determine are those in which the floods that^ 

r 
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previous to the throwing up of embankoients, passed with an almost 
imperceptible flow over a wide expense of nearly level country are checked 
and have to bo concentrated at the lowest depression ; here sufficient 
waterway must be provided, and records are not available to check the 
results of formulas. In such cases the demarcation of the various basins 
must be complete and accurate, and careful observations should be made 
to determine the highest rate of flow off the area per square mile when 
saturated by long continued rainfall. 

31. Waterway of bridge openings— Having ascertained the 
discharge to be provided for by the methods above described, the next 
point for decision is the clear waterway to be allowed in the bridge 
openings to pass this discharge safely without dangerous scour. The 
safest width of opening would prima facie appear to be that which 
gives the full unobstructed waterway of the river, but this would not 
only be very expensive and quite unnecessary but, in the case of large 
wandering rivers, it would be positively prejudicial to the proper control 
of the river by means of Bell’s Bunds, or other forms of modern training 
works, which aim at leading the water uniformly, or nearly so, through 
all the opening of a bridge across the whole width. We are therefore 
obliged to run some risk from scour by contining the floods to narrower 
bounds. This, in firm soils, causes heading up or affl,ux, and the 
velocity through the bridge openings is affected in certain proportions 
by the height of this afflux* The beds of rivers in soft soils are 
contimially undergoing movement and change, the amount and nature 
of which depend, first on the soil of which they are composed, and second 
on the velocity of the water. The question to be settled then is to 
what depth does this river movement extend with certain velocities of 
current. Experience alone can bo our guide iu deciding this question. 
It is now generally accepted in Indian practice that a mean velocity 
exceeding 5 to 6 feet per second is dangerous to bridges whose founda¬ 
tions do not rest on firm soil or are not carried to great depths. This 
may appear to be a small velocity tocauso much damage, but observation 
has afforded ample comflrmation of the correctness of this limit of 
velocity in rivers with sandy beds. Foundations in such river beds are 
not safe for higher velocities unless carried down either to a hard 
stratum or to a depth well beyond the limit of scour which is now 
generally assumed to be about 50 feat iu sand in ordinary cases. It may 
be much more under special conditions. 

32. The following formula gives the amount of afflux caused by 
obstructions in the river’s course. 
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Wh^re V = Mean velooiby of river in feet per second previous to 
obstruction. 

A =5 sectional area of river unobstructed in square feet. 
a = Sectional area of river at obstruction in square feet 
under original water level, i.e., neglecting the afflux. 
h =:; rise of water in feet, or afflux^ caused by the obstruction. 
Example —The width of the Thames is 926 feet. The sum of the widths of the* 
waterways of old Loadon Bcidgs was 23 Heon Taemmad^pth of th) rira;: ii 9 feet 
The normal velocity is 3^ feet per seoond— 

A = 926 X 9 
a = 236 X 9 


A 926 X 9 
a “ 236 X 9 


4 nearly. 




) 


= 8*75feet agreeing neatly with the actual 


resQlt. 

33. If the section of the river and its velocities can be accurately 
iDoasured, the amount of waterway lequired for the bridge, so as not 
to cause too great an afldux whereby the normal velocity would be 
dangerously increased, can ba easily ascertained. The velocity per¬ 
missible in any particular case will dapeud ou the nature of soil of the 
river bed and the depth of the foundation. In this connection it 
should be noted that the afflux calculated as above will only occur if 
the bed remains unchanged. In sandy soils the scour under the 
bridge will enlarge the waterway and reduce the afflux, and a higher 
velocity will be permissible when the design of the foundation is adapted 
to it. 

Having the mean velocity of the natural waterway, that of the 
artificial waterway may be obtained from the following expression— 



in which A, V are the area and mean velocity of the natural waterway, 
and a, v the same data for the artificial waterway including in a the 
iacrement due to the afflux caused by the obstruction). 

{N,B .—The a here used differs from the a of the preceding paragraph in that It 
Includes the inocement due to afflux which is notiuoludsd in the a of paragraph 82.) 

Example 1.—Given the area and mean velocity of the natural waterway A ss ft. 
IfdOOegeare feet, V ss 3*7 feet per seooad, to find theaetual waterway a corresponding 
to a mean velocity of 5 feet per eeoond— 


Here 


AV i*600X8-7 

*9 6 


8,404 sq. ft. 


This is up c the level of the afflux and inolndeslit. 

ExampU 2,« Bappose it had been proposed to foroe the stream throogh 8 
openings, eaoh 58 I cc f wide, the depth being 9 feet; then— 
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Area of waterway, obstraoted, 

neglecting the afllax s 8 X 50 X 9 bi 13 50 eq. ft* as a, 
Area of natural waterway = 4,000 tq, ft. a A. 



= (0‘23 + 006} ( 11*61 — 1) = 0*58 feet. 

Example 8—Sappose the average width of a stream it 100 feet, average flood 
depth 6 feet, with mean velocity of 3 feet per second ; and that it is to be crossed by 
a bridge of 3 arches of 20 feet span each, then-* 

A = Area of natural waterway = 100 X 5 = 500 sq. ft. 

V = Natural velocity = 3 ft. per se:3ond» 

a sr Area of obstructed waterway, neglecting afflux cs 8 X X 5 s: 800 
eq. ft. 


/. h tbe afflux = 



= (0*15 + 0-05) i2*7 — 1) = 0*56 feet. 

Depth of water including afflux = 5*55 feet. 

ArtifioiiO waterway, inoluding afflux or a == 3 X 20 X 5*55 =: 833 sq. ft. 
Henoe 333 X artificial velocity = 600 X 3. 

600 y 3 

V, or Aitificial velocity = ——— = 4*6 ft. per second. 


Example 4—>The hydraulic mean depth calculated from three flood sections taken 
near the site of a bridge is 8*1 feet. The fall of tbe water surface is 1 in 1000. The 
river bed is in fair order, and not obstructed to any appreciable extent by stones or 
weeds. Find the mean velocity of the flood. 

Data — r = 8*1 feet — See para. 22, 


From the tables in appendix A, f being *030, 0 = 71. 

Vj (mean velocity) = 71 y8*1 X 't)01 = 6*39 per second. 

34. Tbe 'springings of arches should io every case be at least 1 foot 
above the level of the offlux shown as resulting from the obstruction, 
and the lower booms of girders should be at least 4 feet above it. They 
may of course be as much higher as the height of the banks will allow or 
navigation requirements demand. 


Design 

35. Under ordinary circumstance.^, the design of a bridge, great or 
email, will be intluenced by the nature of the material procurable, the 
skill of the workmen, the amount of money to be extended, and tbe 
nature of the river passed. 

36. Span— -After the foregoing calculations iu regard to waterway 
have been made, the Engineer is in a position to determine the number 
of spans or bays of which his bridge is to consist. If the stream is 
gentle, its bottom not likely to be disturbed, and the foundations not 
likely to bo deep and expensive, and if the materials are not good and 
the workmen are unskilful, the Engineer will probably choose a number^ 
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of small arches. If tho river be subject to great hoods, the bottom liable 
to erosion, and the foundations likely to involve great expense, he must 
procure good workmen and have few bays of large span, the supers 
structure being of steel girders or arches of brick or store, 

It is not, however, always possible to choose the span of a bridge. 
Circumstances may determine the span which alone is practicable, as 
when foundations can only be met with at particular spots, where certain 
breadths of span are required for navigation or other purposes, etc„ 
Where a choice of span can be made, it is evident that the cheapest 
eflBcient one is the raosc desirable, and this may be assumed generally 
to be the longest efficient span which can be made for a sum equal to 
the cost of one of the piers on which it rests. 

37. The cost of the piers per foot of waterway of the bridge is 
as the length of the spau inversely and the mass of the piers directly. 
The mass of the piers must, however, be increased somewhat for a larger 
span to sustain the weight of the span and the load on it, so that the span 
cannot be increased indefinitely to reduce the cost of the pier per foot of 
waterway. 

Also the cost, per foot of waterway for the span alone in steel 
bridges increases in a ratio in excess of the span owing rather to the 
material of which the bridge itself is made than to the useful load it is 
to accommodate—a remack that applies with greater force to the larger 
spans. 

Hence there is no advantage in increasing the size of the span 
beyond what is required to reduce the cost per foot of waterway for 
an efficient pier to a minimum, so that the cost of both pier and span 
per foot of waterway may together also bo a minimum. The framing of 
a design in which the balance of efficiency shall be kept between the pier 
and the span must, therefore, be tentative in the first instance, for it is 
necessary to assume some breadth for the pier which it is supposed may 
be efficient for a given set of circumstances as regards the force of the 
floods, nature of the foundation, etc,, and from such a pier to deduce the 
longest efficient span which can be made at a like cost. It is not im* 
probable that the breadth of pier assumed may require modification when 
this is done. It may be considered too large for the deduced span, in 
which case a reduction can be made, and from the reduced pier a new 
span may be deduced, and the process repeated till we have attained a 
design which is fully efficient and which will at the same time give the 
cheapest bridge. 
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38. Summing up a few of the leading points, the following tend ta 
economy in a bridge by shortening the span ; 

(1) Good .foundations, necessitating less expense for eflScient 

piers. 

(2) Small ,height of the piers, reducing the quantity of masonry 

or material in the piers. 

(3) Cheapness of the material of which the piers are composed. 

(4) Greater strength of the material in the piers, reducing the 

quantity required. 

(5) Cheapness of labour in constructing the piers, 

(€) Any modification of design which gives the same eflBciency 
with a less quantity of material in the piers. 

Any of these reduce the sum for which an efficient pier can be 
made. 

The following tend to economy in the bridge by lengthening the 
span : 

(1) Excellence and strength of material in the span, admitting of 

higher unit stresses per square inch and spreading a given 
amount of material over a wider span. 

(2) Cheapness of the material in the span, enabling a larger 

quantity to be used for a given expenditure in providing 
a larger span. 

(3) Cheapness of labour for erecting the span. 

(4) Any modification of the design of the span by which an in* 

creased, yet efficient, span can be got out of a given quan¬ 
tity of material. 

Any of these tend to an effioient span of greater length for a given 
sum of money. 

39. As regards the efficiency of a design, it appears that for deep 
rivers the yitrs should consist of a single member, and not of an assem¬ 
blage of parts. The usual form given to masonry piers has undoubtedly 
a superior strength over all others, eombining the greatest solidity with 
the greatest rigidity and stability to resist the action of the forces in 
the river and the vibration caused by heavy rolling loads on the bridge. 
Besides this the form admits of the greatest area of base for offering 
resistance to the flood. It does away with the necessity for the external 
connections required in steel structures, which are a source of weakness 
and expense in maintenance. Obstacles, such as trees, are not liable to 
be arrested by cross currents and eddies between the members as in the 
case of detached piles. 
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40. la the mattar of the superstructare, it is eviieat that the 
charaoter of the design must depend to a great extent on the span to be 
used and the oomparativo cost of the materials of which the bridge 
might be constructed. 

Broadly speaking, the superstructure of a parmanent bri Iga might be 
of brickwork or stone masonry, ordinary concrete, reinforced concrete, 
cast-iron ribs, or wrought-iron and mild steel girders. 

41. Wooden bridges are common in all parts of India where timber 
abounds and where cheapness and rapid construction are important. 
Wood has its objections in being less durablii than brick, stone or iron, 
but, if covered in and protected from the weather, it may be made to 
last a considerable time. It must, however, be admitted that structures 
of timber, however skilfully designed and executed, cannot be regarded 
in any other light than that of temporary engineering expedients, 
doomed inevitably in the course of time to b 3 superseded Ly those of a 
more stable and permanent character* 

42. Brickwork, masonry, and concrete are usually employed for 
culverts and for bridges of moderate span. Concrete, being liable to 
crack from expansion and contraction due to extreme variations of 
temperature and requiring very close supervision in mixing and laying 
to be successful, is seldom used (unless reinforced) ior spans exceeding 
40 feet. Brickwork and masonry arches are employed chiefly for road 
and canal bridges ,'aud for canal aqueducts; also to some extent for 
railway culverts up to 2CHeet span. Bridges having a superstructure of 
brick or stone are more durable than any other class of bridge, but they 
involve heavy foundations and, in India, their spans are limited to about 
70 feet in ordinary practice, though in Europe arches up to 280 feet 
span have recently been constructed for railway bridges, examples 
of which will be found in Chapter V on arched bridges. Reinforced 
concrete is now also coming into use for bridges, and several large spans 
have recently been [constructed of this material in the United Provinces' 
in places where lightness of superstructure is an important object, see 
Chapter VI. 

43. For very large spans the only suitable material for the super- 
structure is iron or mild steel. In the hills, where transport is difficult 
and expensive! the suspension type of bridge is the most suitable for 
roads. Oast-iron has been used occasionally in the form of arched ribs 
for bridges of large span. The Southwark bridge across the Thames in 
London, built in 1819, has a central arch of 240 feet span and 24 feet 
rise. But it is not usual in these days to employ this material to any ex¬ 
tent for bridge-building. Its tensile strength is small as compared with 
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that of wrought'iroQ and mild sbeel, while the strength of the latter to 
withstand tension and compression is nearly equal for both stresses. 
Cast-iron does not therefore lend itself so well to economy and lightness 
of design, and is consequently not so suitable for girders or cantilevers 
of largo span. 

41. Further particulars in regard to the 'design of foundations and 
superstructure will be given in the following chapters dealing with the 
different types of bridges. 

45. Sunk bridges without embanked approaches, designed for total 
immersion during high floods, are occasionally permissible in particular 
localities whore the banks are very Arm, the river bed is hard rock, and 
strict economy is desirable, but as a rule they require special protective 
works and can hardly be recommended for ordinary use. 

46. The case of flood openings in railway and road embankments is 
one demanding particular attention in the preparation of designs for 
bridges over large rivers subject to considerable overflow across wide 
reaches of flat country on the banks. They should be avoided as far as 
possible, as pointed out in paragraph 10. The design of such opeainga 
are decided on cousiderations differing materially from those applicable 
to bridges over rivers with well defined channels. The Uetermination of 
discharges from nearly flat, and previously unobstructed, basins has 
already been referred to. The width of flood openings to be allowed in 
any particular case will evidently be governed by the miximum height 
of aflfinx permissible without detriment to the agricultural aud sanitary 
conditions of the country covered by overflow in high floods. In this 
connection see also Mr. Spring’s recommendation as regards Bell’s bands 
in paragraph 15. 
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TEMPORARY BRIDGES 

47. Before eatering on the subjeob of permaaeab bridges it will be 
useful to consider the temporary expedients which are so often resorted 
to, especially in India, to facilitate the execution of permanent works or 
for crossing rivers and streams where want of time, money or skill 
prevents the employment of more durable methods. 

48. Causeways or Irish bridges are the simplest variety 
of such expedients on roads. Many Indian watercourses are dry, or 
nearly so, except during the rainy season. In some of the very dry 
districts of the Punjab, ,the watercourses often contain no water for 
eleven months in the year. The beds of such streams are generally 
passable without a bridge, but thsy require to have the banka cut down 
to an easy slope, say 1/20 for roads, and the bed of the stream paved 
for a suflBcient width to reduce the labour of draft through heavy sand 
or sand and water. For sandy rivers in the plains, it is often suflBcient, 
for 2nd class roads, to lay ** fascines or bundles about O'' diameter of 
grass, etc. across the track over the sand, the ends being secured by a 
longitudinal fascine securely pegged down by stakes. For more impor* 
tant road-crossings, a paving of stone, brick or concrete is laid, strong 
enough to withstand the jush of water daring freshes. The thickness 
of the paving depends on the nature of the bed and the force of the 
stream in flood. If the soil is very soft and yielding the paving material 
is laid in a trench 4 to 5 feet deep as in the example on page 29, but in 
ordinary sand the usual practice is to lay a paving of stone, set in lime 
mortar 6 to 9 inches thick, on a substantial bed of concrete. In the 
latter case, to guard against scour aud prevent the paving being under¬ 
mined, a dwarf wall is built on each side, the down-stream wall being 
made two to three feet deeper than the upstream one which is usually 
two feet deep. 

Though classed with temporary bridges in this chapter, it should be 
noted that in cases where the funds available are not suflicient for the 
construction of regular bridges, causeways are sometimes constructed as 
permanent crossings on roads, and even on feeder railways, over shallow 
streams which are dry for the greater part of the year. 

49. Before designing a paved causeway for a crossing, the river bed 
should be carefully examined to see if there is any evidence of its being 
m'loh scoured by floods or of its being subject to extensive movetnent by 
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the current;, for, under such c jnditions, it must be remembered that a 
causeway will act as a weir and probably alter the regimen of the river 
seriously. 

50. The following is a description of a aubstaintal type of paved 
causeway across a large sandy river in the plains where the Grand 
Trunk Road crosses the river Soane. 

The line of the causeway having been marked out, commou jungle piles were 
driven In two parallel lines, 17 feet apart, to a depth of kbout 15 feet; the sand having 
been excavated with^shovels in the ordinary way between these piles down to the 
water level or a little below, bamboo frames with palm tree leaf, mats were forced 
down behind to prevent the sand from the sides slipping into the excavation.. The 
remainder of the Bind below water level was excavated to the required depth by 
meADS of the ordinary well sinket^s jAa*n, worked from temporary stages on ei ther 
side of the excavation. 


Fig 8 P<-AN. 



Fig. 9, CROSS SECTION. 

/>,/«,. , Shhs. piltt 



Bnmhot fnunm 
and mats. 


A layer of gunny bags filled with concrete composed of two parted Boane 
shingle, one part aurki, and one part kanh^r lime, was then set, as closely packed as 
possible, over the whole bottom of the excavation. 

Over this a layer of rubble stone, 2 feet 6 inches, deep, set in concrete (of the 
same proportions as above) was placed, and on this the roadway was formed of 
roughly out stono slabs 1 foot thick, from 1 foot to 1 foot 6 inohes broad, and alter¬ 
nately P and? feet long to break joint with each other, allJrreguUrities of the lower 
surface of the slabs bain^ carefully packed up with rubble atone, the joints made as 
Dorrow as possible without actually dressing the stone, and thoroughly filled 
up, grouted and pointed with tho best kankar lime and surki hydeaulio mortar^ 
Any oonsiderable roughness or irregularity of the sarfaca was then chipped down 
and levelled by stone-cutters, no attempt being made, however, at| anything approach* 
ing fine dressing of the whole or any part of the surface of the stones, which would 
'lave been objectionable through causing the road to ba daugerously slippery, 

61. Temporary bridges are usually made of timber, but) use is 
ometimes made of steel wire and hemp rope, iron rails, pipes, telegraph 
poles, etc. The faatengings in common use for such bridges are hemp or 
ivire ropes, iron spikes of the plain or dog variety, bolts, screws, aud nails. 
The temporary bridsres described in this chapter will only be such as are 
suited for carrying carts, foot-passengers, and pack animals. They may 
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oonvenii-ntly ba clusdified broadly under the following he«*d8 and sub¬ 
head:^ : 

(1) Bridges of which the road-bearing beams are supported at 
iniervaU on the bed of the stream by means of (a) treaties, (6) 
piles, (c) cribs or orates. 

(2) Bridges spanning the whole gap without any intermediate 
supports by means of (a) timber trusses, (b) timber cantilevers 
(c) suspension cables, 

(3) Floating bridges (1) Bying, (2) with road-bearers supported 
at intervals upon (a) boats, (b) pontoons, (c) rafts of barrels, et ?. 

These will be described below in the above order. 

52. (1) (a) Bridges on trestles —Trestles as piers are the most 
generally useful, and are applicable to moat cases where the bed is fairly 
firm ; they are easy to tnake and erect, economical of material, and do uob 
require very long or largo pieces up to heights of 20'. Over tliab height 
they become heavy and unwieldy and require special arrangements for 
erecting them. They are unsuitable for rapid streams, on stony bods, 
runuing more than four miles an hour or more than 6' deep. The span 
of each bay may be any length oo suit the size of the timber available. 
Trestle bridges may be made of squared or round timber. 

It is very necessary to prepare a careful cross-'^ection of the bed ao the 
site of the bridge in^rder to make the trestles of the correct height. 
If the bottom is very uneven, soun lings should be taken at each side ol 
the bridge at the places where each trestle will stand. The heights of 
the treaties ahould provide for a camber of 1/30 up from each bank to 
the centre of the whole span to allow for any possible settlement that 
may take place subsequently. 

Trestles may be two-legged, three-legged or four-legged. See 
Figs. 10, 11, and 12. It should be noted that all the dimensions 
shown on timbers, etc. in these figures are for deodar timber, and for 
bridges with a 9' roadway carrying a live load of 560 lb. per foot run, 
with trestles 15 feet high, and bays of 15' span. 

Two-legged trestles are the most generally useful and consist of two 
legs with an inward slop of about 6/1, a transom fixed horizontally across 
the legs near their tops, a ledger fixed across their feet to keep them from 
spreading and sinking (sometimes omitted\ and two diagonal braces. 
The legs may be cub off above the transom, but are usually lefo 5' longer 
to provide standards for the rails. The size of the legs should ba cal¬ 
culated in each case for the load they will have to carry ; a diameter of 8'^ 
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will, as a rule, be found to be enough for a 15' bay to carry a 9' roadway 
with a live load of 560 lb. per running foot at a height of 20 feet. 

If the trestle is made of squared timber, as in Fig. 12, the pieces are 
spiked together; but if rounded timbers are used, the fastenings are best 
made of wire or wire rope as hemp rope lashing stretch under stress 
after a time and have to be tightened up frequently. If the' timber 
available be small, the legs and transoms may be made of two or three 
spars lashed or spiked together. 

Tresdes are erected at site on the dry bed or in very shallow wat3r, 
but where the depth of water is considerable they are made up on the 
bank, taken oat on a raft, and tipped up into position (by guys) with 
their feet weighted, or, if heavy, they are placed in position by a swing¬ 
ing derrick on the raft. 

Three-legged or tripod trestles are sometimes used where the bed 
consists of mud, bat they are not suitable for very uneven bottoms and 
are difiScult to place in position. They can be made of light material, 
and stand without external bracing. Two of these trestles are required 
for supporting one transom, see Fig. 11. 

Foar-legged trestles are us^^ful at intervals in a long bridge 
of two-legged trestles to give longitadinal stability, but they are noa 
generally used, as they are heavy structures and difficult to place in 
position. 

8. Superstructure— The superstructure of all bridges of Class 
(1) whether supported on trestles, piles or crates, is practically the 
same down to the transoms of the piers supporting the road-beams. 
For an ordinary road-bridgo this best arranged as in Fig. 18. The 
planks are laid across the axis of thebiidge, supported on road-bearers 
or beams laid across the span parallel to the axis. This planks are 
secured by two ribands laid on top of them, one over each outer road- 
bearer to which the riband is lashed, or bolted down. The ribands also 
act as wheelguides or wheelguards. If squared road-bearers are used, 
the planks can be spiked down to them, The ends of the road-bearers 
rest on the pier transom. Planks for ordinary traffic may be 2"' thick 
and 9^ to 12*^ wide. If supported by road-bearers at 2' intervals, these 
will carry any cart or guu with an axle-load not exceeding 1^ tons. For 
bridges under much wheeled traffic, the planks should be thicker (up to 
4") to Btantl the heavy wear. When planks thicker than 2" are not 
available, longitudinal planks are sometimes fixed over the others 
under each wheel track to take the extra wear. If planks cannot be 
procured, round ^ffiallis** may be used touching one another, Eiarth 
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should not be laid oa top of planks or “ballia** as it rots the wood and 
adds greatly to the dead load on the bearers. Grass may be spread 
on top of the planks to deaden the noise for animals. 

The minimum clear width between wheelguards or ribands should 
be 9' for wheeled traffic, and, if vehicles are to pass each other, 16'; 
for pack animals the minimum clear width should be 6', and, for foot 
traffic, 3'. 

Every bridge should have a ‘‘cambar”, or rise in the middle of 1/60 
of the total span to improve its appearance and to allow for any settle- 
uient that may take place after erection^ 

The shore ends of the road-bearers of all bridges should rest on a 
stone broad timber laid in firm ground across and under them to 
prevent any one bearer sinking into the earth ind pendently of the 
others and to keep them all at one level. 

Hand rails should be 3J' to 4' high, made of scantlings about 4" 
diameter. 

The bays may be of 10', 15' or 20' span according to the size of 
timber available. If spans greater than 20' are used, the road-l)oams 
^ill probably need trussing. 

54. 0) (6) Bridges on pile piers— Ihles from very strung and 

stable piers, and are suitable for deep streams with muddy bottoms, 
but, for large piers, require long straight timb ‘rs, take sometime to erect, 
and require a pile-engine to drive them. See the chapter on Fuunda- 
tioDs for a description of pile-engines. For foot-bridges over shallow 
muddy streams they can be very quickly made, the piles being driven 
by a man with a “maul*’ or wooden mallet; the larger kind are often 
used for important road bridges of a guasi'permanent type. An 
xample of the latter is given in Plate I, 

The pier may consist of two to five piles which are driven verti¬ 
cally in a line across the pier from 3' to 5' apart, and when sufficiently 
driven are cut off level at the proper height. The transom or capsill 
is then spiked on to their tops. They ore usually braced together 
by diagonals, and by horizontals called “ waling pieces,*' see Fig. 14. 
Piles may be of square or round timbers 6" to 10" diameter or more. 
The feet are shaped to a point and, if of soft wood, are shod with iron. 
The heads are usually bound with an iron hoop. The extent to which 
piles should be driven to stand any given load without undue settle¬ 
ment is explained in the chapter on Foundations. The superstructure 
of pile bridges is practically the same as that of trestle bridges which 
has been described in full detail in paragraph 53. 
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55. (1) (c) Bridges supported on crib or crate piers—Cribs 
or crates are easily made of cheap material and require no skilled 
labour. They make very stable piers and are often useful for rough 
jobs when time is the mam consiileration, but they obstruct the water¬ 
way a good deal and require a lot of material. They are particularly 
suitable for swift shallow streams witu round boulder bottoms. They 
are sometimes used at intervals in a long trestle bridge as longitudinal 
stiffeners 

Cribs are generally made of sleepers fastened with treaties or spikes, 
or of rounded logs notched together, sec Fig. 15. The bottom of the 
crib is planked to form a tray. The crib is then floated out to the site, 
and the tray filled with stones till the crib rests on the bottom. The 
length of a crib should be at least 1^' plus the width of the roadway. 

Crates are easily made with poles or branches. Good examples 
of these may be seen every year at Hard war over the branches of the 
Ganges at the time of the April fair. They are best made of four 
strong uprights at the corners with horizontals at the top and bottom 
(as in Fig. 16) fastened with wire lashings. Other uprights are added 
between the corners ones, and the sides are finally filled by hurdles or 
brushwood. The bottom is covered to form a tray, and an inclined pole 
is added at the upstream end to form a cutwater. As the weight of 
the superstructure is taken by the stone filling, the crate should have 
the uprights tied acrnsa at different levels diagonally by wire to 
prevent ids being bulged out by thj lateral pressure of the stones. The 
orate is made as above on dry ground, floated out to the position it is 
to occupy, and then sunk by being filled up with stones. The length 
of crate should nob be loss than l^' plus the width of the roadway. 

Under this head should bo mentioned the temporary accommodation 
bridges made on railways to pass trains at slow spaed over a gap at a 

road or drainage crossing while the permanent 
piers and abutments are being built. These 
are usually made of open stacks of sleepers 
built up from the grounl to the level of the 
joists or girders carrying the rails. The sleeper 
stacks are placed in the spans between the 
piers bo allow the latter to beb uilt up con¬ 
veniently at the leisure. 

56. Trussed Bridges —These may be made of simple trussed beams 
as in Figs. 17, 18, 19, or of strutted beams as in Figs. 20, 21, or of 
girders proper as in Figs, 22,23. 
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CHAPTER III 


Trussed beams and trussed girders may be made of wood alone or of 
wood and iron bare. The latter is a good coAbiaabion as wood can be 
used for the compression members and iron for tension. 

The trussed and strutted beams shown in Figs. 17 to 21 are suitable 
for spans up to 80' and 45' as marked on eaoh figure. Trussed girders 
may be made up to 60' span without much trouble, but over that they 
become unwieldy and diflficult to launoh; Fig. 22 is an open braced 
girder which is suitable when iron rods are available, and Fig. 23 a 
plate girder type which can be easily made of planks and nails when 
iron is not available. 

If the available headway will admit of it, the roadway should be 
carried on top of the girders as this arrangement is convenient for fixing 
the cross weather bracing between them. The depth of a girder should 
be as great as convenient from maximum of J span to a minimum of 
usually J to span .1 . Large girders are best made on the bank 
and launched on rollers, a suspension cable carried over shear legs on 
the bank being used to support the forward overhanging end as the 
girder rolls across the spaa. Tne overhaagiug end is sometimes 
supported by a tackle from shear legs erected on the far bank. 

The longitudinal timbers of trussed beams may be composed of 
several lengths butting over the heads of the struts and fished together 
by bolts, and they maybe mala of 33Viral thicknesses of full depth, 
side by side, bolted together and breaking joint. Several trussed beams 
may be used side by side at short intervals to cross the span, as the 
roadway rests on the top of them. Trussed beams with two struta^ 
should always be counterbraced in the middle for u^e in a bridge as 
they are subject to moving loads. 

Strutted beams are simple and strong and have been largely used 
with pile piers in guasi-permanent road bridges on the Murree-Kasbmir 
Cart-Road in the Punjab, Very little iron is necessary and that only 
for fastenings. The road beams should rest ou blocks at the angles of 
the frames or, better still, on a transom connecting all the frames. See 
Fig. 21. The depth should not be less than J of the span in Fig. 20 or 
J span in Fig, 21. The struts should be braced by ties BF, CE unlesa 
the span is very small. 

The calculations of stresses and sizes of the different members of 
the supporting frames described above are of a simple nature and are 
not given in this chapter as they will be readily made by aoudents who* 
have gone through the College Course of Applied Machanics. 
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sort of cradle in which the passenger sits is slung on the rope and 
pulled across by means of ropes worked from either shore. In other 
cases the bridge consists of threo ropes, one for the feet and t^o 
others for the hands of the traveller, kept as under by pieces of wood 
placed at intervals. On the other hand, iron or steel suspension bridges 
of very large spans and of a permanent kind have been constructed 
in Europe and America over important roads in places where the 
cost of other forms of bridges would have b:ien prohibitive. As 
examples of these may be mentioned the well-known Clifton suspension 
bridge of which a full description will be found in the Proceedings of 
the Institution of Civil Engineers, Vol. XXVI, and the Brooklyn 
suspension bridge which is described in Vol. X of the Engine$ring 
Newi pp. 20, 241, and 252* The former stretches across the gorge, 
bordered by steep cliffs, through which the River Avon flows below 
Bristol. It has a span of 702 feet between the supports of its 
chains, and the roadway is at a height of 248 feat above water level. 
The bridge is 30 feet in width and is carried by three chains on each side 
having a dip of 70 feet. The Brooklyn bridge at New York has a 
central span of 1,600 feet berweea the supports of the cable, and two 
side spans of 930 feet, affording a headway in the centra of 133 f^ec 
above high water. The roadway, 83 feet in width, comprises a central 
eleva^ed footway^ two wire rope railways, and two carriagewvys on the 
outer sides. Suspension bridges have bien geuenby regirdsd as un¬ 
suitable for rail ways owing to th 3 exjcisivj oscilatiou prolueed by 
passing trains. 

64. Plying bridges— When sufiScient funds are not forthcoming 
or suflBcient material is not available to make a regular bridge across a 
stream, a boat or a raft may bo used as a ferry. Ferry boats are usually 
rowed or poled across. The action of the current] on the b)at or rafc 
may also be utilised to move a ferry boat across a stream. A ferry so 
worked is termed a *‘0ying bridge.*’ 

There are three methods of working flying bridges: (1) by suspension 
cable, (2) by using anchors and “swinging cables '' and (3) by using a 
“warp/^ These are shown in Figs. 85,36, 37, which explain themselves. 

The first method is much the best. A post or sheardeg, with raking 
atruta to secure it in a vertical position, is set up on each bank at a 
height sufficient to keep the centre of the cable well above flood level, 
and the cable is suspended from the tops of these posts. These piers 
should be pitched as far from the bankj as possible to keep the steepest 
parte of the dip of the cable away from the working length of the cable 
on which the traveller will run. The cable should be stretched as taut 
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as its strength will permit. The traveller should have two wheels a» 
shown in Figs. 38, 39. Two lines are attached to the traveller and to 
the raft as shown in Fig. 35, the length of the longer line being varied 
as required to keep the length of the raft inclined approximately at an 
angle of 55* to the direction of the stream. For returning, the lines are 
moved to the other side of the raft. 

In a swing bridge the length of the cable should be from one and a 
half time to twice the width of the river, and if a long one is used it 
should be kept out of the water by being supported on intermediate 
floats. The end of the cable is secured to a short mast flxed in the boat 
or raft about oue-third of ids length from the bow, or the cable may be 
secured to a rope bridle as shown in Fig. 36. If a bridle is used, it 
should be about three times the length of the boat to allow of its being 
let out to give the boat au inclination of about 55° to the current. 
The cable requires a firm anchorage, two or three anchors of 300 lb. 
being generally necessary. In a very rapid current, the cable may be 
anchored to both banks instead of to a float in the middle of the stream. 
In this case four landing-places and two cables will be required, one of 
the cables being taken across in the boat for the return journey. When 
the boat reaches the far bank, it touches at a lower landing-place down* 
stream and is hauled up to the upper one from which it starts back on 
its return journey. 

In the third method a cable or ‘‘ warp is stretched across the river 
as tightly as p )ssibl 0 and the boat or raft runs along it, the cable run¬ 
ning through rollers on the raft at A and A, the rollers AA and BB 
being used alternately to keep the raft at the proper angle to the current 
ingoing and returning. 

Go. Boat bridges—Boats form good piers,especially in swift rivers 
but do not bear grounding and generally require a good deal of carpen¬ 
ters work to fit them up. Each boat should have enough buoyancy to 
support the heaviest load that can come on it. The buoyancy is the 
weight of water displaced by the boat up to a foot or fifteen inches of 


the gunwale, less its own weight. 


Only ^ of the calculated buoyancy 


should be taken as the available buoyancy, a greater margin being 
allowed in rough water. In calculating the load to be carried by buoy¬ 
ancy, no allowance is necessary for’live loads as distinguished from dead 
weight to be carried by the bridge, i.e.^ live loads need not be multiplied 
by to convert them to dead loads. A central saddle beam should be 
provided in each boat along its longitudinsl axis to support the baulka 
carrying the roadway. The upper surface of the saddle should be slightly 
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abore the two gunwales and of length about two feet more than the 
width of roadway. In larjje boats with strong sides, the saddle may be 
supported on crossbeams laid directly on the gunwales, but in most boats 
it is necessary to support the saddle upon the keelson by a longitudinal 
trestle. With large boats of 20 tons capacity and over, and when only 
short baulks available, the method illustrated in Plate 111 may be 
adopted. 

66. Floating bridges, whether made of boats, pontoons or rafts,^ 
are secured in position either by anchors or by tying each pier to a 
strong cable or chain stretched across the stream ; or if the river is nar¬ 
row, by two cables from each pier to bollards on the banks. The second 
method with a suspension cable or chain is much the best in rapid 
currents, and in very swift stream with strong bottoms no other is 
possible. Anchors do well enough for firm or muddy bottoms. As a 
rule, every second pier has an upstream anchor, but in rapid streams 
every pier should have one. A few downstream anchors are also ncces-^ 
sary to provide against strong wind blowing up the river. To ensure a 
secure holding, the length of anchor cable should nob be less than 10 
times the depth of the stream with a minimum of 90*. The weight of 
anchors required is from 10 to 20 lb. per foot run of bridge. The 
pull due to a boating bridge pier may be taken to be roughly,* in pounds 
the produfjD of the immersed cross mid-section in square feet multiplied 
by the square of the velocity of stream in feet per second multiplied by a 
co-efficient varying with the shape of the immersed portion. Several 
values of the co-efficient (Beaufoy’s) will be found in Molesworth’s pocket- 
book, 26th edition, page 559. 

67. If the water at the shore ends is too shallow to float piers, the 
shore bays may be supported on trestles, etc., or a causeway of crib-work 
or earth built out up to the floating portiou. In a river subject to 
sudden and rapid rises and falls, the shore ends need special arrange¬ 
ments. Generally, trestles with transoms adjustable in height, or trestles 
to carry the roadway at low water with floats under the bay to rise and 
carry it at high water or a combination of these, will meet most cases. 
Set figure on opposite page. If the end bays are arranged to slope slightly 
down towards the bank at high water, the gradient down from the bank 
•to the bridge at low water will be much improved. 

68. To allow boat traffic to pass the bridge, a passage or ‘^cut’' is 
often required. This ^*cut” is made by removing one or more bays of 
the bridge which are formed into an independent raft and allowed to 
fl iSt downstream and on to one side of the passage thus made. Ste Fig. 


^ Trautwine’s Engineer’a Pooket-Book, 1883 edition, page 871. 
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40. The movable raft has a set of special short Jbaulks oq each side to 
^onneot up its roadway with that of the two standing portions of the 
bridge. See Fig. 41. 

The boats nearest to the shore on each side being more particularly 
affected by weights moving oq and off the bridge on account of the slop¬ 
ing approaches^ two of the strongest and most capacious vessels should 
be selected for the ends of the biidge. 

The baulks or road*bearing beams are laid on the boat siddles or 
trestles in separate spaces, cleared to receive them, in which the beams 
work as the boats move in the water. They should not be deeper than 
f breadth as lateral strength is necessary to resist the norizontal stresses 
to which they are exposed. The flooring boards should be or 3 
inches thick, laid across the beams and ^covered with several inches of 
stable litter or straw. 

Where proper anchors are not available, wooden cribs filled with 
brick or stone, or a rough wooden anchor surrounded with strong nett¬ 
ing which can be filled with boulders, kankar, brick, or large blocks 
of stone may be used. 

69. The following is a detailed description of a boat bridge saper- 
struoiure designed by the late Major-General Sir Alexander Taylor, 
K.o.a, R.F., for the Bavi, Indus, and Chenab rivers on the Lahore- 
Peshawar Road which was found to be very eflicient and economical, 
^ee Plate IIL 

The bridges are maintained throughout the year. They have a 
catenary curve with versed sine equal to Jth the span, and are held 
across the stream by a IJ inch crane chain on the upstream side and 
a 1-ineb chain on the down stream, the euds being secured on both 
banks in concrete blocks by heavy baulks of timber. Every alternate 
boat is anchored on the downstream side to preserve the bridge from 
being blown upstream by a storm, or displaced by floods. 

They consist of the following component parts : 

1* Qunwale pieces—(Figs, nos. l, 2, and 5). Each is a single piece of 
timber 14} feet long and 8X8 inches scantling, secured to the gunwale by two bolts of 
round iron of } inch diameter. 

It has notches of one inch in depth, to receive both the trussed and the orosa^beami 
and two deep notohes, to receive the stifiening beams, of snob dimensions as to bring 
the top surface of the trussed and of the stiffening ^beams to a level. Fig. 6 shows all 
details. 

2. Trussed ieeams..—Aft—(Figs. 1,2). They may be each of a single beam 80 feet 
iong and 7x7 inches seentllttg, or each may be built of four pieoes belted together by 
cound bolts of one inch diameter, at shown in the drawings. Each beam rune jo over the 
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57. Cantilever Bridges —Tbese are often used in hilly countries 
where long beams or logs are easily procurable. They have been made 
up to spans of I'iO'. No skilled labour or iron-work is required, wooden 
pegs being used to keep the timbers in position, nor is heavy tackle 
necessary for erection. Cantilever bridges of long span are hardly stifi 
enough for heavy traffic, but can be improved by adding wire stays. 

See Fig. 24. 

These bridges consist of layers of logs on each bank, each layer 
projecting H' to 10' beyond the ends of the layer below till only a gap 
of 15' to 20' remains, over which a row of road-bearars is laid to complete 
the bridge. The projections should not exceed 10 feet, and, to utilise 
the strength of tapering spars to the fullest, the butts may be laid 
outw'ards as the maximum bending moment in a cantilever always occurs 
at the point of snppoit. The cantilevers should not in practice be laid 
horizontally as shown in l^ig. i4, but at a slope up towards the centre 
to give a greater depth of loading on the buried ends, and cross-tran¬ 
soms should be placed between each row of cantilevers over the points 
of suppor t The inn ir ends of all the layers of logs are held down by 
anchoring them to other logs buried in the dry stone masonry of the 
abutments, or by weighing them with a cribwork of timber and stones. 
The former construction is shown in Plate 2, which gives details of a 
bridge of this kind built by the late Colonel A. M. Lang, R, E., over the 
river Sutlej at Wangtu The abutments of this bridge were of dry stone 
masonry, substantially bonded throughout by frames of deodar wood run¬ 
ning through the structure and not only fetreiigthening the masonry but 
keeping tin ends of the cantilevers rigidly 6xed. 

CautiU’vor bridges ot a permanent type will be found described in 
Chapter VII on iron and steel bridges. 

55, Suspension Bridges.— These have the advantage of only 
requiring cables and material in small light pieces. They can therefore 
be made of very large span in places where, owing to difficulties of trans¬ 
port, no other form of bridge would be possible. Temporary suspension 
bridges have been made in Chicral and Gilgit of spans of 320' and more 
to carry {)ack animals and foot passengers. 

A suspension bridge consists essentially of two cables or sets of cables, 
one on each side, hatiging in a curve or catenary from which the roadway 
is supported. Ihe cables pass over supports on the abutments and are 
kept taut by being secured to anchorages fixed in the banks beyond the 
abutments, 'Ihe cables may be of any strong flexible material. Wire 
rope the best as it does not stretch much; iron chains are good 
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but not so reliable aa steol wire rope; hemp ropae may be used but 
they do not last long and scretch so much as to be very troublesome* 
Ropes made of ratan cane, twigs or bamboo strips, have all been used 
on occasions when nothing better was procurable. The supports on 
which the cables are carried are usually timber frames (like trestles) for 
large bridges, and simple posts or shear legs for small spans; if the 
bridge is to be graasi-permanent, masonry piers may be used. The 
anchorages may be logs buried deeply in the ground or covered by a 
large stack of stone, or iron jumpers let into ro^k and in a sloping position 
more or less normal to the direction of the rope. The roadway is usually 
of woo l and the length of each bay between the vertical supports not 
more than 6' to 10', as the bridge being flexible it is desirable to load 
the cables at numerous points close together. 

The great disadvantage of a suspension bridge is that it lacks 
stiffness under a moving load and, with an advancing load covering only 
a part of tiie span, the roadway sinks at the loaded end and is liable 
to vertical distortion. This can be avoided to some extent by forming 
the handrails into an open braced girder which helps bo distribute 
partial loads over the whole cable an I stiffens the structure, by support¬ 
ing the transoms of the roadway near each end by struts from the 
bank, or by tying biek these transoms to the tops of the piers. Modern 
practice favours the method of stiffening by means of braced handrail 
girders which are hinged m the middle in some cases for still better dis¬ 
tribution of partial loads (see the example referred to in paragraph 62). 
High winds also have a vary disturbing effect on such bridges, causing 
them to sway sideways, or to rise vertically in deep gorges where strong 
currents up to the valley are apt to catch the underside of the roadway. 
These edeebs are generally counter.icted by wire, or wire rope, wind ties 
securing the end truosoms to the banks on each side. 

59. Suspension bridges are of various types and designs to suit 
different localities, (1) the ramp bridge, see Fig. 25, in which the roadway 
is carried on the cables themselves, (2) the trestle type, see Fig. 26, in 
which the roadway is supported above the cables on trestles which 
stiffen the structure to some extent but a<iji considerably to the quantity 
of timber used, and (3) the sling bridge, see Figs. 27, 28, in which the 
roadway is suspeudled by wire, chain, or rope slings from the cables. 
The first two types are uncommon and will not be further referred to. 
The sling bridge is the most useful aud will be described in detail. 

60. The main cables of a sling bridge are in two sets, one over 
each side of the roadway. Each set may be one or moro cables, side by 
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side. The dip of the cables at the centre of the span (below the top of 
the piers) is i to^ span. The less the dip the stifier the bridge, but 

the greater the the s tress in the cables 5 ^ ^ span is usual for temporary 

bridges. The slings or 8U9p3ndera support the transoms of the roadway 
and are spaced 6' to 10' apart, see Figs. 27, 28, 29. A camber of ^span 
should be allowed in the roadway. The handrails should be fixed on 
wooden uprights strutted outside to continuations of roadway planks 
projecting beyond the others. The piers should be 3' to 5' longer 
across the bridge than the width between the centre pair of slings to 
give a horizontal splay in the cables and stiffen them against swaying# 
The anchorage should be fixed at such a distance from the pier that the 
cable will make equal angles on each side of it, i.e, the angle BAG 
will be equal to the angle BAG in Fig. 27. If the site will not permit 
of this, the piers will have to be strutted, or guyed behind, to prevent 
overturning. Each pier usually consists of two vertical legs joined by 
a “oapsill** ou top and a “groundsilT* under the feet, the legs being 
braced at the top by a horizontal and two diagonal braces. The legs 
should be side-strutted to take any side stress which the cables may 
bring on the trestles. See Figs. 30, 31. Whore the cables rest, the 
capsill is rounded and covered with sheet-iron to prevent the cables 
cutting into the wood and to allow them to slide freely over the pier. 
For temporary bridges over 100' span, the roadway should be narrow 
to keep down the weight-say a width of 6' or so. 

61. As young Assistant Engineers are often required to put up 
suspension bridges in places where skilled labour is not often available,^ 
the following note explaining the ordinary method of erection will be 
useful in this Manual: 

To 'lasiat ia the eeeotion of the bridge, and for coa^dDieat conveyaaoe of stores 
from one bank to (he other, a temporary shear-leg Uereotelon eaoh bank and a 
light lorvioa cable, with a traveller pulley on it, is stretched over them aoross the 
gap. The pier trestles are then raised either by foregays from the far bank or by 
means of props and strut, and when in position they are seoured by baokguyea and 
baokstruts. A single spar la then raised vertioally and lashed temporarily so the 
oapsill near one of cable seats. A pulley block taokle* is secured to the’top of the 
derrick spar a few feet above the oapsill. A rope bridle having been fixed to the 
cable at about the place where it will test on the pier, the lower block of the tackle 
attached to the derrick is hooked into the bridle and the cable raised and dropped 
into its place on the oapsill. All the main cables are thus placed in position, and 
their ends made fast to the anohorage by passing the end twice round the anchor 
log or beam and fastening the free end to the cable itself! by three clips or by wita 
lashinge. Ssi Fig. 82. 

* A tackle consists of double or treble pulley block, one at eaoh end, and tun¬ 
ning rope between them. 
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Earth is then filed in over the anchor and rammed. The far ends ol tbe cables 
are now passed round the other anchor and temporarily ''seized’* in place, the 
earth being filled in except at the cable groves. The cables are then raised to the 
top of the second pier in the same way. The next thing to be done is to haul in the 
slack of the cables to the required dip. For a small bridge this can be done with a 
simple rope, but a large bridge requires the use of running tackle. A strong rope 
sling ia made fast to the standing part of the cable near tbe second anchor with a 
tackle on it and a second tackle to tbe running end. Both tackles are banled on and 
tbe oable is raised a little higher at the centre of the span than tbe final dip required. 

For a final dip of the cable should be raised to about ^2 allowance to 

be made depends actually on tbe span, the dip, and the flexibility of the cable. It is 
necessary to raise the oable higher at first in order to allow for the streothing of the 
cables and the slight yielding of the anchorage when fnlly loaded. The ends of the 
cable are then finally seized to the standing part as in the first anchorage. 

Tbe slings and the transoms are now suspended from the oables as shown in 
Figs. 33, 34, the former having previously beeu out to length and marked with paint 
at the proper places for final fixing. 

For the convenient fixing of slings and transoms a "traveller *' is nsoally made 
by putting a spar about 5* diameter across tbe top of the main cables. A rope is 
attached to each end of it aud passed ' over the top of the pier so that the spar can 
slide on the cables and be held in any position* From each end of the spar a rope 
ladder is soepeoded, supporting a horizontal broad plank at a convenient height 
below the oables so that workmen can stand on tbe plank to fasten the transoms or 
elimb up the ladder to fix the tops of the slings to the cables. It is convenient to 
have a traveller at each end of the bridge. 

When all the slings and transoms are fixed, two road-bearers are put across 
each bay with four or five planks on them, and the slings are then finally adjusted 
to get all tbe transoms at ^he right height. When this has been done, the roadway 
is completed as usnal. 

02. The maximum teusiou ou the cables occurs at the points of 

support over the piers aad is equal + where w=total 

load carried by the cable, a = 3paa in feet, and d==dip in feet. The 
strains on the oth^r members are simple direct or transverse strains 
and are easily calculated. Set Moleswoiv.h’s or Traut wime’s pocket-book 
of engineerinj; formulae for convenient methods of cxloulation. A. good 
example of a sling suspension bridge with fully detailed caloujations 
wili be seen in Punjab P. W, D. Paper No. 59 by Mr. H. C. Granville, 
Siiperinteodiug Engineer, on the Dihar Bridge in the Punjab. 

63. The above descriptions apply to suspensiou bridges ordinarily 
built by Engineers on important roads in the hills, but rougher and 
cheaper expedients have, sometimes to be adopted to cross mountain 
torrents on unimportant liues of commauioation, or for preliminary 
road operations. Among these may be mentioned the rope bridgee often 
seen in tbe Hi valayaa. These consist in some oases of a single rope 
strebohed across tbe stream and made fast to trees on either bank, a 
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l)oal one foot, and rests on the gunwale piece in a notoh one inoh deep. 

3. Stiffening beams aa—(Figs, l, 2, 4 and 5.) These are stout beams of 
10X6 inohes scantling placed, as shown in the plate, twO to each boat. BLach 
should, if possible, be a single piece of timber 23 feet 8 inohes long, but may be in 
two pieces soirfed together. They are let into the gunwale pieces to such a depth as 
to bring their upper edges and those of the trussed beams to a true and oven surface. 

4. Cross beams— 66—(Figs. 2, 4 and 5) are 7X7 inches scantling and 
13 feet 2 inches long and rest on the gunwale pieces in notches 1 inoh deep. They 
merely rest on the gunwale pieces and are not fastened to them* 

5 . Stiffening planks— cc — (Pigs. 2, 4). Each plank consists of^two 
pieces. One main piece 14 feet long and 12x 8 inohes scantling* and a minoi^pieoe 
(spiked to it as shown in Pig. 4) 12 feet long, 8 inches wide, and of such depth as to 
compensate for the difference in thickness between the truused beams and the stiffen* 
ing beams {kk and aa) which in the Plate, is 3 inches. They are placed, as shown 
in the Plate near the ends of the stiffening beams, and in every case immediately 
under a roadway plank. Eaoh stiffening plank la tightly lashed at each end to 
the roadway plank immediately above it, so as to allow no play whatever, by means 
of a obain. 

6 . A stiffening chain which is shown in detail in Fig. 3 (ee) and as regards 
its general application, in Figs. 1, 2 and 3. Buoh a chain is passed round eaoh pro¬ 
jecting end of every stiffening plank aud of the roadway plank immediately over it; 
the hook with which it is provided at one end is passed into the nearest link, and 
everything is then brought home by the use of a rough wedge hh» The centre of eaoh 
chain is secured lo the under part of the stiffening plank by a stout staple, which 
passes eritirely through the plank, and is clenched on the upper side. The object 
is to prevent the ohaia Irom being lost in the confusion which often attends the dis¬ 
mantling of a bridge In a hurry, and perhaps in the dark and in heavy weather. 

7. Rough wedges— A/i—(Piga. 1, 3 and 4) may be about 18 inches long. 
Their use is obvious. 

8. Ordinary roadway planks — See (fd—(Pigs, 1,4, 5) are 14 feet long, 3 inohes 
thick, aud as nearly 12 inches wide as may be practicable.* The width for six inches 

• at eaoh end is to be reduced by three iuebes, as shown in Pig. 9. Each plank is to be 
furnished with two hard wood cleats 3*X2' securely spiked on—See same ffgute. 

9. Railing planks— //—(Pig. 15 ). Each plank is from 17 to 171 
long, and they may be placed at any convenient dlatanoe apart. The railing bars 
may be bullies of about fivj inohes diameter, supported on trenails of 14 inoh 
diaoueter of hard dry wood. 

70 Pontoon bridges— Th are superior to boat-bridges and 

more expeasive, but very similar in their construclion aud general 
arrangements. Tde following is a description of the poacoon bridge at 
Agra, which was in use for many years and fiprmed the only means of 
crossing the Jumna at the place before the completion of the iron girder 
road aud railway bridge, see Plate IV : — 

The Agca bridge is supported on cylindrical sheet iron pontoons P.P. The total 
length of a pontoon is 30 feet 8 inches; the middle part is 5 feat 8 inohes in diameter 
for a length of 22 feet. The ends are egg-shaped, the thickness of the sheet«iron is 
3/16 inoh, and the sheets are rivetted together with } inch civets spaced from two to IJ 
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inohea apart feom centre to centre. Each pontoon has a manhole, and a small hola 
foe the mooring chain ; the mooting ohalna vary, bat are in general long-linked 
chains } inch diameter. Ko anchors are used, their place being supplied with blooka 
of atone. 

The pontoons are spaced 12 feet apart. The roadway consists of five main 
timbers b, d\ 12 ioohesdeep by 9 inobes wide, supported, not by saddles, but on two 
baulks a, s» (of the same dimension at d^d) resting on a trussing inside the 
pontoons. The pontoons are pat together in pairs 12 feet apart aeoored by double 
beams b', 5*, thus forming rafts of two pontoons and their connecting roadway ; these 
raftst again are connected by beams b, b, so bolted as to admit of play at either end. 
Upon Khe beams b, 6, etc., A *, b', eto., the planking p, p, consisting bf one thickness 
of 8 inch sal is placed. The width of this roadway or planking is 23 feet; it is spiked 
down to the longitudinal beams at each outside edge of planking. Both above 
and below runs a longitndinal stringer I, I, of sal, seven inches wide by 2^ inohes 
thick : this is bolted together with wrought-iron bolts ; on the top of this, posts r, r, 
spaced six feet apart are stepped; between the posts run two lines of long-linked i 
inch chaia Inside the pontoon are placed props of wood to stifien them (w, tv). 

To allow boats to pass up and down» there are two pontoons, each four feet 
longer than the ordinary ones, on which are arranged two crabs, with hinged plat¬ 
forms. These are raised, the whole removed to one side, and returned when the 
boats have allpaased. The arrangement acts very well. 

71. Raft bridges —These are usually made of casks or barrels 
lashed together in lines of six or seven by means of long spars laid across 
them at the top to act as gunwales. See Figs. 41, 42. 

Barrel piers are strong and bear grounding well. If in use for any 
time they must be kept well wetted. The bungs should be uppermost 
to allow water which may have got in to be pumped out through the 
bungholes. The commonest cask is the hogshead ** of 54 gallons, 
which has a safe buoyancy about 500 11). The span of cask piers is 
not ‘ more then 10' to 12' as a rule. The ends of cask piers should 
always be rigidly connected to each other by tie baulks lashed to both 
the gunwales of each pier, and the road-bearers should rest on both 
gunwales of each pier. Well-lashed piers thus made will last for some 
months; but they can only be relied on for short periods; they are liable 
to give way suddenly when tho ropes rot which hold them together. 
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FOUNDATIONS, PIERS AND ABUTMENTS OF BRIDGES 

FOUNDATIONS 

72. Foundations of large bridges involve some of the most difficult 
problems that Civil Engineers have to deal with, and require wide 
practical experience for their successful execution. The nature of the 
ground to be built upon should Brst bo ascertained by borings or trial 
pits. When this has been adequately determined, experience, observa¬ 
tion, and sometimes experiments are needed to enable the Engineer to 
choose the kind of foundation, and the method of executing it, beet 
suited to the special conditions of each case. 

Foundations may be of three descriptions: (1) Ordinary foundations 
on dry land, (2; foundations in sod charged with water from which the 
water must be excluded during construction, and (3) foundations laid 
under water. Piers and abutments should be carried down if possible 
to soil sufficiently firm to bear thj weight of the superstructure without 
appreciable settlonieut, and deep enough to be safe from the scour of 
rivers or running stiuaims, increased as that action will generally be 
by the obstacles f)re8ent''d by the bridge piers. If firm soil does not 
exist for a considerable distance below th) surface, the foundations should 
be carried down to such a depth as will afford the resistance required to 
carry the load safely by reaching more consolidated strata below and by 
skin friction. 

73. Ordinary foundations —For viaducts and bridges built ou 
dry land, ground sufficiently solid to support bridges of moderate height 
is often found four or five feet below the surface. The piers in such 
cases are usually made with a slight batter and provided with footings to 
widen the bottom in proportion to the load and to spread the weight over 
a large base. Where the ground is unfavourable, the bearing surface 
is further extended by a wide layer of concrete at the bottom which 
in very bad ca?es, may be reinforced with embedded steel work.'*" The 
usual rate of pressure allowed in India on ordinary soil, consisting of 
sand or loam, is C’8 ton per square foot ; on stiff clay this may be 
increased to 1 ton, ofeven IJ tons, per square foot. Ou hard canglome- 
rate or soft rock, it may be 1'6 toils to 3 tonsiper square foot ; on hard 
rock, the limiting pressure is determined by the maximum pressure the 

* See <*Keiuforced Conorete by Bael and Hill, Ohapter VI, foe a detailed desorip- 
tion of reinioiced conorete foundations. 
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material of which the footing is composed will safely bear, which is 
usually five tons per square foot for brick-work, masonry or concrete in 
ordinary lime mortar, or eight tons per square foot if Portland cement 
mortar is used with very hard brick or stone. When the pressure is not 
uniform, the maximum intensity of pressure must be considered in all 
these cases and not the mean. 

When the soil is soft and yielding for a considerable depth, bearing 
piles have often to be resorted to for heavy structures. These, if timber 
piles, are generally connected together at their heads by a series of 
walings upon which planking is soncetimes laid: or the heads of the piles 
may be encased in a thick layer of concrete spread over the surface, a 
system which, besides effectually bonding the piles together, provides a 
firm level base for the erection of the piers. For important permanent 
structures, reinforced concrete piles covered by mattresses of the same 
material are now commonly used. See paragraph 99, 

74. Foundations in soil charged with water.— Frequently, in 
laying foundations, even on dry land, considerable quantities of water 
are met with below tho surface owing to the excavations being carried 

below the natural level of the underground water, or to the opening out 

of s[.riug8, or occasionally from percolation from rivers or tho sea. In 
such cases, the water is ordinarily removed during the construction of 
the foundations by leading it., in treuche.s or pipes to a snraphole dug 
close by below the^owest level of the foundation bod : from this it is 
raised by a jmmp discharged into the nearest natural channel. 

When the water issues as a spring at a particular spot, it is usually 
localised by being covered by a vertical pipe or cylinder in which it 
rises till the height of tho column of water in the pipe or cylinder 
counterbalances tho pressure. As soon as the adjacent foundation is 
completed, the pipe is plugged by cement grout, and the influx i.s thus 
permanently stopped. 

The rapid influx of water into a foundation trench while it is being 
pumped is dangerous, as it brings with it the sand silt of the adjacent 
strata and produces underground cavities liable to cause sub.sidence 
above them, which, if occurring under the works themselves or under 
coffer dams or embankments, may entail very serious damage, It is 
therefore essential for the safety of a work executed in water-bearing 
strata that any continued influx of sand or silt, with the water from 
springs or any other source, should bo stopped. This may be done 
either by sinking a well below tho foundation level, beyond but near 
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the side of work, and pumping from it without disturbing the sand 
as pointed oufc in the preceding paragraph or by surrounding the side by 
sheet piles driven down to a firm stratum, after which the water 
can be pumped out of the enolosiire and the sand removed to any 
requidte depth. See pragraph 95 below for a description of piles. 
In the case of a small bridge, when the current is slow and the obstruc¬ 
tion of Waterway moderate, another plan for dealing with a saridy bottom,, 
charged with water, overlaying firm soil 10 feet or so below the bottom, 
is to support the bridge on boxed foufidabioiis. These are formed by 
making largo boxes of wood of the shape of the pier, but slightly larger^ 
without top or bottom, and 6 to 10 feet in height as may be necessary. 
These boxes are driven through the sand into the firm substratum by 
scooping from the interior and loading them. They are then pumped 
out und filled with concrete or rubble masonry on which the piers are 
built,the ingress of w^ater into the box is excessive and troublesome 
while the concrete or masonry is being pub in, the former may be lowered 
in skips for the lowest layers, and the latter built in large blocks above 
ground ati 1 whoa dry, let down an i joined below. The above methods 
are only suitable for foundations 10 to 12 feet deep bolow water level. 
Below this depth it is better to resort to wt*ll-sinking which is described 
further on, 

75. Congelation of the soil by freezing liquids has been success¬ 
fully employed ia Euglaad bo carry excavations for foundardons through 
running quicksand to a firmer stratum. A series of vertical pipes is 
sunk int (3 the quicksand round the sise, and a cold unfreezable liquid is 
introduced into these pipes and kept in circulation. In a recent modi¬ 
fication, described in “ The Colliery Guardian of Isb December, 1893‘ 
page 980, liquid ammniia alone has bien used which, in evaporating, 
produces an intense cold by absorbing latent heat in becoming gaseous. 
When the site is thus congealed, the excavations can be carried ihrough 
tiie hardened soil without pumiingor timberiug tho sides. This system 
has been found to be very efficient, but it is expensive and would not 
Ihereforo be suitable in India except under very special conditions which 
make other methovls inapplicable. 

7G. Foundations under water— In stagnant shallow water, if 
the bed on which the foundaOion is to be built is clay or soma other firm 
soil, the water may be excluded from the area ofi whioh tho foundatioa 
will rest by surrounding the area with an ordinary water-tight dam 
of clay or some other binding earth. It may be necessary to remove 
some soft or loose soil overlying the firm bottom before the dam is 
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commenced. The dam is raada by tbroviog in successive layers of clay. 
When the dam is completed the water is pumped out from the enclosed 
area and bed for the foundation is prepared as on dry land. 

77. When the depth of St ignant water is considerable, sty 10' to 
15 ' and in running water of any depth the ordinary dam must be 
replaced by the coffer dim which consists chiefly of two rows of planks, 
or sheet piles, driven vertically into the soil, with clay or binding earth 
b?tween to form a water-tight wall to exclude water from the area 
enclosed. The arrangement, construction, and dimensions of coffer 
dams depend on their speciflc object, the depth of water, and the nature 
of the vsub-soil on which the cofifer dam rests. 

The width or thickness of the coffer dam, by which is understood the 
distance between the sheet piles, should be sufficient not only to he imper¬ 
meable to water but to form, by the weight of nhe puddling in combina¬ 
tion with the resistance of the timber work, a wall of sufficient strength 
to resist the horizDutal pressure of the water on the exterior when the 
interior space is scooped out and pumped dry. Tne rosistau’.e offered 
by the weight of the pudlling to the pressure of water cm be easily 
calculated ; that offered by the timber work wi.l depend upon the 
raanuer in whi di the framing is arrange I and th » means taken to stay 
or buttress the dam from the eiiclosnl space. For extraordinary depths 
the Engineer would „act imprudently were he to neglect to verify 
by calculation the equilibrium between the pressure and the resistance ; 
but, for ordinary depths of 10' or under, a rule followed is co rnak(3 
the thickness of the dam 10' ; and for depths over 10' to give an 

additional thickness of 1' for every 
additional depth of 3'. This rule 
will give security against 61tra- 
tion through the body of the dam, 
but the scantling of the coffer work 
should also bo suitably increased in 
dimensions according to the height 
of the dam. 

The usual construction ot a 
coffer dam is shown in Fig. 43 
which is a section of one wall. It 
consists of a row of ordinary stout 
piles (a) around the area (B) to bo 
enclosed, placed about 4 feet 
%% under. A second row (a) is driven parallel to the Brst, the respective 
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piles being the same distance apart ; the distance a a' between the 
centre lines ofthj tvvo rows being so regulated as to leave the requisite 
thickness between thi sheeting piles for the,clay, etc,, forming the 'dam. 
The piles of each row are connected by a horizontal beam of square 
timber termed a stHng or wale piece b 6', placed a foot or two above the 
highest water line, and notched and bolted to each pile. The string 
piece (6') of the inner row of piles is placed on the side next to the 
area enclosad, and those b of the outer row on the outside. Cross-beams 
of square timber connect the string pieces of the two rows, upon which 
they are notched, serving both to prevent the rows of piles from 
spreading from the pressure that may be thrown on them, and as a 
j )isbing for the scaffolding. On the opposite sides of the rows, interior 
string pieces c, c, are placed, about the same level with the exterior, 
for the purpose of serving both as guides and supports for the sheeting 
piles. Tne sheeting piles d, d, being well joined, are driven in juxta¬ 
position and against the interior string pieces, A third course of strin 
or ribbon pieces /, /, of smaller scantling, confine the sheeting piles by 
means of large spikes against the! interior string pieces. For a dam 
about 10' high from water level to firm bed, the piles a, a, should be 
about 9 inches square and the sheet piles c?, d, 9 inches by 4 inches. The 
s juare piles should penetrate at least 6 to 7 feet into the firm soil. 

The main incoavonieiice met with in coffer dams arises from the 
dirficulty of preventing leakage under the dam. In all cases the piles 
must be driven into a firm stratum, and the sheeting piles should equally 
have a firm footing in a tenacious corapict sub'Sbratum. When an 
excavation is requisibo in the interior to uncover the au'o-soil on which 
the bed of the foundations is to be laiii, the sheeting piles shoiill be 
driven at least as deep as this point, and somewhat below it if the 
resistance offered to the driving does not prevent it. The puddling A 
should be formed of a mixture of tenacious clay and sand, as this mixture 
8:itble3 better than pure clay alone. Before placing the puddling, all the 
soft mud and loose soil between the sheeting piles should be carefully 
extracted; the puddling should be placed and compressed in layers, care 
being taken bo agitate the vvater as little as practicable. With proper 
care, cofter dams may be used for foundations in considerable depths of 
water provided a water-tight bottom can be found for the puddling. 

The method of driving piles is described further on in this chapter. 

78, If the depth of water is very great, or when, from the 
premeability of the soil at the bottom, io is difiBculD to prevent leakage 
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a coffer dam is a less eeouomicai mechod of laying foundations than 
the Caisson or the Well, The former may be used by iiself in deep water 
if the bed is rock or some other firm material on which the foundation 
can be directly placed; but if a very thick layer of sand or silt ba» 
to be traversed before riiaching a firm water-tight stratum, or where 
the soil consists entirely of sand or silt for indefinite depths, well 
foundations, with or without caissons, are the most suitable for heavy 
bridges, and screw or disc piles for light ones. These will now be 
described. 

79, A Caisson is a strong water-tight vessel of wood or iron, which 
is made with a bottom to float it but without a top. When a firm bed Is 
available imraediabely below the water, for construction of the founda¬ 
tion, it is prepared to receive the bottom of the Caisson by levelling the 
area on which the Oaiss<»n is to rest. It is essential that the bed shall be 
level, otherwise the cross strain on the unsupported parts of the bottom 
leads to fractures an 1 dangerous movements in the superstructure. In 
hard ground which is lumpy and cannot he previously levolli d all over, 
the gr(mnd should be roughly levelled under the edge of the Caisson 
only, if uneven, and a Caisson should be used of which the bottom is 
only an outside frame with a loose taipatilin fastened to it which can 
adapt itself freely to the form of the bed. A thick layer of concrete is 
then laid on the tarpaulin to till up all inequalities and provide a level 
b(d for the masonry or brickwork of rhe foundation. The loose tnrpaulir^ 
is necessary to proiocr. the coio^rete from the washing action of bh * water 
before it has had time to set. If the bed is shelving rock which cannot 
be adjusted in the above manner, the only way to deal with it is by com¬ 
pressed air as described later und *r well fourHlanons, In ordinary 
practice the Caisson is pi iced in position in the following manner. It is 
floated to, and moored over, th^ position it is to occupy. A small sliding 
gate in the side of the CaivSson is then opened to fill the Caisson gradually 
with water and sink it. When it has bmm sunk th«* bed is ^^xarained to 
see if it has been accurately levellt^d. The gate is then cl sed and the 
water pumped out. The Caisson is then refloated The bed is finally 
adjusted and levelled if this is f<'Und necessary. The masonry or con¬ 
crete of the foiiadation is then commenced on the bottom of the Caisson 
and carried up until its weight grounds the Caisson. 

80. We come now bo foundations in sandy or soft soils liable 
to scour, where no firm beds can be reached for great depths below 
the surface. Before describing the methods adopted for constructing 
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fouadations in such f)Iaces it is necessary fco examine the well-known 
controversy regarding the cornparabive merits of (1) deep well founda* 
tiona without floor protection and (2) shallow wells with continuous 
flooring under the bridge, protected both up-stream and down-stream by 
piles or rows of contiguoii^j curtain wells. 

8L It is argued in favour of deep foundations that it is unwise 
to iaierfure with the regimen of a large river whose whole bed of fine 
sand and silt for a depth of many feet is in motion during high floods, 
and which discharges a part of its flow below ordinary bed level; that 
in buch circumstances the curtain wells arrest this discharge, and the 
moving sand and silt ser^sibly contract the available waterway, so 
t-hao this undercurrent must be forced either above or below—in the 
former case causing a dangerous afflux, in the latter under mining the 
curtain wells and floors to the imminent risk of the comparatively 
shallow pier foundations. Furthermore, as regards cost, the deep founda¬ 
tion party urge that the only chance of security in the "floor and curtain 
arrangement^’ is in the use of a long apron and the constant annual 
expenditure of material in maintaining a boulder talas for some distance 
up and d<iwn the stream which would (eventually at least) bring the 
coat up to that of deep foundations. The advocates of the ‘‘floor and 
curtain” system on their side argue that iu the “unprotected cylin¬ 
der" arrangement there is no guarantee that the action of floods may not 
at any time be concentrated iu one channel under any one span, and the 
bed of the river iu that span be scoured out to a greater depth than 
the \\ ells can with economy be sunk to, so that deep sinking cannot ensure 
safety, which can best bo attained by protecting the bed from erosion and 
thus preserving the waterway uniform. The additional cost and difiSculty 
of sinking wells to great depths are also urged by the ‘ shallow founda¬ 
tion'' advocates. The de^p well system is often referred to as the 
Punjab system and the other the Madras system. 

It should be a matter for consid ration in each partionUr cas* which 
is the best plan to follow. The deltaic rivers iu the soudi of India, 
with(mmparativtdy slight deedivity and low velocity, and with beds of 
large coarse-grain gr*vei-like sand, acquire, tue additional s ^tional 
area neo ssiry to discharge their extreme flooi waters raiding their 
surface level and widening their course; and such conditions ivdicate 
the eu bciency of co nparativuly sh illow foiiudations and th^ sa e adop¬ 
tion of floorings and curtains to ensure a uniform velocitv through all 
thearchesof the bridge. Where the soil of the rivsr-bed is moderately 



62 


OHAPTBR IV 


firm and the discharge bolow dry-weather level is small compared with 
the flood discharge of the river, the system of pavei floors is sound in 
principle, and admits of shallow foundations to the piers. In the great 
rivers of the Punjab, however, the material of the biids of which p’lrtakes 
of a semi-fluid nature in times of the flood, the mode la which the addi¬ 
tional sectional area is acquire! diflers from that before described; these 
rivers, when untrained almost invariably wander in their course and 
scour their bads to gain the required sectional area, so that their rise and 
fall is comparatively small. Here is is difficult to preserve a uniform 
waterway and to check the motion of the sindy bad. After many years* 
erperieuce of the great rivers of the Punjab, Railway Engineers have 
determined chat the proper course with de^p foundations is to carry 
the piers to a great depth, contract the width of the river to th 3 actual 
flood sectional area by means of guide banks as describt^d in Chapter II, 
and hold tha river in this contracted section. Heavy loose stone pitching 
thrown about the pier wells is used at times to counteract the severe 
scouring action which occurs in high floods around the wells, when the 
water rushes pist them and forms whirlpools whose depth rapidly increasjs 
with the velocity and duration of the flooJs. The loose stone, by falling 
into the hollows as fast as they are formed, diminishthe ri«?k from this 
action, and removes the scour from the piers to the centre of the span, 
but such pitcaiag must be added with caution, ii order to avoil sirions 
CO itractioa of th c fl )od*8cctio lal are v. 

Where continuous flooring is aiopted the curtain wells should go 
down to the same depth as the pier wells Co protect the floor from the 
aotioo of severe undcr-currents whi'ffi tend to wash out the sand between 
the curtains aud undarmiue the floor. Reotingular blocks are more 
suitable for curtains than round wells as th y more readily admit 
of the ioterspicea being filled in with piles. Put the main security of the 
floor, and therefore of the bridge, depends upon tue effiuent construction 
and careful maintenance of the apron which consists of a heavy pitching 
above and below the bridge of loose rough stones or cribs filled with 
masses of brick slag, In violent floods there is danger of holes being 
scooped out in these positions which may extend beneath the curtain and 
cause it and the floor to fall in. As this pitching falls in and fills the 
hollows where thesmdia undermined or sucked away, the material of 
the apron must be constantly renewed. 

82. Well foundations^-These are generally made of iron in 
Europe and of masonry or brickwork in India. The former are commonly 
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kaown as tubular foundations aod coasist easontially of large hollow 
vertical iron cylinders which, after being sunk to the required depth, 
are filled with masonry or concrete which forms the real foun iation of 
the pier. Well foundations proper, as recently used in India, are thick 
hollow cylinders or rectangular blocks of masonry which are sunk as far 
ai necessary and themselves carry the superstructure of the pier. 
After being sunk they are plugged with sand and covered by a dome 
or vault to form a platform for the pier. To s’rik the wells, the ground 
is generally removed from below by a dredger which can be worked 
from the top and excavates under water. Deep wells may have to 
be heavily loaded at the top with rails or sand b?ig9 to aid their 
descent, but with the very thick steiniugs now in use, their weight 
is often aufhcient to take them down to considerable depths without 
loading, 

'>^The methods of construction and sinking iron cylinders are various 
and a general description only can be given here. The tubes are lisually 
of cast-iron in section of moderate sizes with internal flanges by which 
they are bolted together in successive lengths as the depth to which the 
cylinder is sunk increases, till the bottom is reached with the last length 
still above water. If the bottom is hard, the lowest length is merely 
fibbed to it; if soft, the cylinder may be sunk into it to the required 
depth, in which case the bottom edge of the lowest section must ser 
properly shaped to out into the soil. The excavation of soil from the 
bottom to sink a cylinder is usually doue by divers or by dredging. If 
the dtjpth is considerable, the divers have to use diving dresses provided 
with pneumatic tubes which keep them supplied with fresh air fo 
breathing while they are at work. Under unfavourable condition 
where the soil ii treacherous or the bottom hard and shelving, the 
compressed air process described further on has bo be resorted to. The 
bottom ring of a cylinder with a cutting edge at the base is made thicker 
and shorter than the rest, to meet the special strains to which it is exposed. 
When the cylinder has been sunk bo the required depth, the pier founda¬ 
tion is constructed inside the cylinder by filling the enclosed space with 
concrete and briou work, 

83. The Charing Cross railway bridge across the Thames at London 
and the Ohitravabi bridge on the Madras Railway are goo<l examples of 
bridges oa piers built within cast-iron oylinders. The former is described 



24 


CHiPTBR IV 


ia Vol, XXII and the latter in Vol. CIII of the Proceedioge of the 
Inititution of Civil l£ugiaeere, 


Fi«.44. 

SHARING CROSS BRIDGC PlLR 
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charing cross bridge pier 
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FIG. 4 6. CHITTRAVATI BRtooe 



84, A masonry well foundition may consist of a single well, a twin 
well or a number of wel Is sunk dote together and connected afu ! wards 
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by arches at the top. By a twin well is meant two circular or polygonal 
wells connected together thus : 





The shape of the wells may be reotaugular, circ iUr or octagoual. 
If the wells are to be pitched midstreain* or where water is standing, an 
island must first be formed by an edging of ea.id hags filled up inside 
the enclosui e with clay or sand* If they are to be pitched on dry 
ground an open excavation, a little larger than the well all round, 
is necessary down to the water table or to the level heyond which the 
soil cannot stand without support. On the bed thus prepared a curb of 
wooi or iron corresponding in size to the steining 6f the well is placed 
and firmly embedded. On the curb the masonry ring or steining of the 
well is constructed till it is six feet or so above the ground. The sand 
inside is then scooped out and the cylinder is gradually sunk till its 
top has very nearly reached the ground surface. Another 8 or 10 feet 
is then added and again the same process is resorted to. This is repeated 
till the required depth is attained. If th^ depth is considerable, it will 
be found necessary to weight the well with iron rails, or gunny bags 
filled with sand, supported on a timber platform in which openings are 
left for the working of dredgers. To secure the curb to the masonry 
and to prevent the lower part of the cylinder detaching itself from the 
upper in a sudden descent during sinking, several veriical iron tie rods 
or bolts, 20' to 30' long are built into the masonry of the well from 
the bottom of the curb, their upper ends being connected under the bolt 
heads by a 4*' x Y horizontal ring. 
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When the wells have been built and sunk to the full depth, they are 
filled in with ooncrebe up to a few feet above the top of the curb and 
then with sand to the top. If sand fillinpj is used, an upper plug of 
concrete 5' to 6' thick is generally provided at the top of the well. 
When the hearting is finished, the wells are connected together by 
arches or vaults and the superstructure is built ever them. 

In all cases where the foundation consists of several contiguous 
wells it is advisable to sink them together, as it is difficult to sink a well 
satisfactorily close to another already sunk, owing to the disturbance of 
the soil produced by the latter in going down and the consequent 
tendency of the former to draw iti towards the other and get jammed. 

Recent experience has shown that the best shape for foundation 
wells of bridges is the single circular or octagonal up to 20' diameter 
for small piers of short spans up to 60 ' or so. For large wells of 
long span bridges, on rivers thoroughly trained and controlled by guide 
banks, the twin octagon seems to have given the most satisfaction 
It is claimed for the latter that it i^ comp irativoly cheaper us it 
corresponds more nearly in shipe to the superstructure of a pier, it is 
easier to sink, easier to keep vertical when sinking, and easier to bring 
back to the vertical if it happens to get out of plumb during sinking 
operations. For rivers in sandy soil, with currents constantly varying 
in direction and scouring^the bed to varying depths, sonui Engineers 
think it is highly important that the wells of foundations should be 
cylindrical, even if of Jarge diameter, to present a uniform surface to 
any direction the current may take and not deflect it as any other 
shape would do in a greater or less degree according to its section. 
Rectangular blocks, except for small depths, are now but seldom 
used. 

The thickness of the steiniug of masonry foundation wells is usually 
a quarter of the external diameter or, for large wells, an internal 
diameter large enough to allow of the convenient working of a dredger 
(say 8' for 25 cubic feet dredgers) and a steiuing thick enough to make 
up the rest with a minimum of 4' 6^. The depth for moderate spens 
in sandy soils liable to scour freely is now made by some Engineers 
50 feet more than the depth of the maximum bed scour observed in 
ten mile reaches up and down stream, and by others four times the 
allowable scour due to the assumed maximum velocity, see paragraph 
16 (8). The depth for very large spans is governed by considerations 
other than those of scour ,* see pangaaph 100 on **loada on foundations.** 
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85, Strong and expensive curbs of iron are needed for the large 
wells of big bridges, but in ordinary cases where sinking is easy and 
even, and the depth not great, the curbs are usually made of some cheap 
hard wood readily obtainable in the locality, e.gf., keekar, mulberry 
or sheesham. The wood is cut to shape in sections aad arranged 
in two or more layers in depth as shown in the sketch below. The 
larger the piece the better, as the joints will be fewer. The pieces 
are secured together horizontally by dovetail dowels and break joint 
both horizontally and vertically. They are further connected together 
transversely, and in depth, by iron straps and bolts, the lowest layer 
having a cutting edge of half inch plate steel secured to it by means^ 
of an angle iron. 



Wooden Curb Iron Curb 


Iron curbs consist of internal triangular ribs of framed angle irons, 
connected together at intervals by stout angles at the two upper edges 
and fitted with a cast steel shoe at the lower. These ribs are encased 
in I" to steel plates. The angle at the shoe should not exceed 30® 
to facilitate excavation under the curb, if necessary, and to give a deep 
section for greater strength. See Fig. 49, 

8fi. As long as the water in the interior can be kept out by pump¬ 
ing or lifting, the work of sinking the wells proceeds quickly, but when 
the work has to proceed under water it is very slow and dredgers have 
to be employed to take out the core of the wells, 

87, ThQjham is the original Indian machine used for this purpose. 
It is the simplest and best for small wells and consists of a huge phaora 
or hoe with a straight socket into which a long pole handle is fitted, b7 
which, when lowered into the water, it is kept upright with its edge 
downwards and can thus be worked into the sand from the top of tha^ 
well. This can be done either by pushing with the pole or by blows of a 
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heavier polo guided by a diver, on fco the head of the straight socket. 
When the jham hus been pressed home into the soil, the pole is with¬ 
drawn and, by means of a wiiin’Iass and rope attached to the inclined 
arm above the spade, th(} jhnn with it load of sand is dragged up and 
emptied. In some parts of the country, well^sinkers dive down every 
time and work the jharti into the sand by their hands In case of serious 
obstruction to the regular descent of the well, due to boulders or tree 
trunks, divers are employed to remove it. Fig. 50 shows the working 
of Sijham for sinking a small well. 


Pig BO 



88. For big bridges, which require ntitnerotis wells in their founda 
tions, the progress of well sinking would be too slow if jhams were used. 
Various other arrangements have therefore been devised to do the 
work of excavation more quickly. The machines now generally used in 
India for this purpose are dredgers. There are many diSeieut varieties 
of dredgers in use. BulTs dredger was one of the first in the field and 
it is described in detail on page 59 as it is fairly representative of the 
type, On large works it has been superseded recently by Bruce s digger 
and BelTs dredger which are much larger and can lift 40 to 60 cubic feet 
at a time. The diggers employed in sinking the wells of the Dufiferin 
bridge at Benares were 8 feet in diameter and lifted 130 cubic feet 
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of earth. See ^rooeediogs I. O. E., Vol. 01. The usual size ia the 
dredger of cubic feet capacity. These very large dredgers are worked 
by steam hoists and their buckets are designed differently to suit the 
peculiar soil to be dealt with. Those intended for excavating stiflF clay 
are provided with toothed grabs instead of the plain buckets. A descrip¬ 
tion of most of the dredgers and grabs in common use will be found in 
Vol. LXXXIX Proceedings Inst. C. E. Bruce's digger is the most suit¬ 
able for pure sand. 

89. The BulTs dredger is shown in Plate V. A short chain 4 feet 
long with a ring in the centre, should be attached by its ends to the rings 
on the chains working the machine. To the centre ring the chain for 
lowering and raising the machine is fixed, of a length greater or less 
a'!CordiQg to the depth of the well. On the well, shear legs are erected 
with an iron block made fast to the junction. The shear legs should not 
be less than 10 or 12 feet in length, stayed on either side to the ground. 
A wooden platform 6 feet X 4 feet, composed of stout planks made fast 
to two under cross pieces, i-j aid on the well, and two finch ropes are 
attached to the dredger, one made fast to the key keeping the jaws of 
the machine open and the other to the centre ring in the short chain 
first mentioned. 

In working, the machine is opened on the wooden platform and the 
ley is fixed. It is then low ered into the well, and on reaching the 
bottom the key is withdrawn. The rope attached to the latter should 
be coiled on one side of the platform ready for use, A gentle pulling^ 
and -giving motion should now be appli( d with the rope attached to the 
centre ring of the short chain, slowly at first, and as this peculiar 
mfjtoin causes the jaw of the machine to sink or cut into the sandy the 
strain should be increased, till there is no further yielding to the pull 
which two men can put on the rope. The machine should then be raised 
and lauded on the wooden platform. The operation of re-setting it, for 
lowering, releases the sub-soil brought up, and saves all trouble in 
emptying. 

The average quantity brought up, when the machine is properly 
worked, ii 2 cubic foet, and in a well of 12 feet 6 inches diameter, 38 feet 
deep, there is no diflSculty in working it 25 times in an hour. Three 
men on top of the well (not including those employed in removing the 
sand, which is best done by contract) and 15 men to pull, are required 
to work the dredger. The average performauco pe r day in a 12 feet 6 
inch w*ell is 3 feet of siiikage, and practically speaking the depth of the 
well it of no consequence, the difference of time taken by the coolies 
walking 10 feet or 50 feet being inappreciable as compared with the 
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time take/i by each operati m. The dredger ia intended chiefly for 
working in sand, but brings up anything which is cub up so that it can 
grip it. 

90. Working of large dredgers —Bull's dredgers are now used 
for small wells onl} . For ^inking riumhers of large welts for a big 
bridge, the large diggers or dredgers described in para. 88 are commonly 
used with steam hoisting machinery and long shear legs, 60' to 60' high, 
which stand clear of the well and allow the sinking and building of fresh 
lengths to go on uninterruptedly. The short shear legs referred to in 
the description of a Bull's dredger, which are placed on the well and 
have to be removed aud re-erected every time a length of cylinder is 
sunk, involve a great waste of time and money. When the sinking 
Operations are on a large scale, the emptying of the large dredgers is 
also now done automatically and the soil is ejected clear of the well. 
Up to depths of 60 feet these improved arrangemeubs render the sink¬ 
ing a very simple raabtter, but when much greater depths have bo be 
reached, heavy loading becomes necessary and the alternate placing and 
removal of the loads makes the work more expensive, 

91. Wrought iron caissons for foundations— Where the founda¬ 
tions have bo spread over a large area for the piers and abutments of 
very large bridges with as lititlo obstruction as possible to the waterway, 
especially in deep water and soft beds, continuous wrought iron caissons 
enclosing the whole site of each pier, but separated generally into 
sections by internal partitions, present advantages over masonry or iron 
cylinders. Like these cylinders they are provided with a cutting edge 
round the outside and are sunk by similar means Figs. *51, 52 show 
the wr9ught iron Caissons used for the bridge over the Hawkesbury 
estuary in New South Wales. These caissons have three dredging 
shafts inside, each 8 feet diameter, strongly braced by diaphragms to the 
outer shell. The shafts are splayed at the bottom to facilitate dredging, 
but recent experience is against this practice, as vertical sides have 
been found to have the advantage of rendering the Caisson less liable, 
to cant over during its descent and easier to get straight if it happens 
to go out of plumb in sinking. The Caissons were floated into position 
by the help of a false bottom and gradually sunk, by filling in the spaces 
between the shafts and outer shell with concrete, through a stratum 
of rund reaching a thickness of about 120 feet, to a sandy bed below. 


Civil EagiMeeriQ^ " by Vecuoa Harc:>urfc. By p^rmissioa of pabUibac^. 
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The bottom of the foundation of one of the piers was 162 feet below 
high water of spring tides. When t he stratum of sand was reached the 
shafts were filled with eoDcn*te, and the masonry piers were erected 
upon these foundations from about low water level. 


CAISSON FOR P»£R 

no. 51 « 52 HAWKCSBURr BRIOQC N.8.W. 
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A full description of this bridge will be found in Vol. CI„ Proceed¬ 
ings 1. (J. E. Two other good examples of wrought iron Caisson 
foundations, which might be usefully studied by students desiring 
further information on this subject, are those of the Dufferin bridge 
over the Ganges it Banaras, and of the railway bridge across the river 
Uughli, at Hughli, which have been described in Vols. Cl and XCII of 
the Proceedings I. C. E,, respectively. 

The lowest section of the Caisson, 10' to 15' in depth, formed in 
the shape of a curb at the bottom, is usually built oii shore on inclined 
baulks of timber called ‘‘ways*’ or “slips” which slope lengthwise down 
into the water at about 1 in 9. During erection, the Caisson is wedged 
up on these slips. When it is ready to be launched, the slipways are 
greased and the wedges uniformly and systematically removed to allow 
the Oaiason to slip into the water and doat. The slipping process may 
have to be assisted by a pull from a rope worked by a crab winch on 
a barge in the river, but this should not be necessary if the slips are 
properly arranged. Several plans may be adopted for lowering 
Caissons into place after they have been floated, as well as for the 
flotation itself. One plan is to make a false bottom about 2 feet up 
from the cutting edge and sink the Caisson by pumping water into it. 
Another is to build the Caisson on shore to a certain depth, launch it 
into the water like a ship until it floats in about 8 to 10 feet of water as 
described above, and then haul it into position and sink it by building 
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Qp and concreting. A third method whi^jh was adopted at the Dnfferin 
Bridge,♦ Banaras, and seems to be the most reliable and safest, is to 
build the Caisson on a staging supported between the two pontoons, one 
on each side, and lower it gradually by tackle from an overhead sr.aging 
built on the pontoons across the Caisson. This method secures full con¬ 
trol over the lowering into place and u illustrated in Plate VI. 

92. Compressed air foundations —In sinking cylinders through 
quicksand of very tine silt, trouble frequently occurs through the sudden 
influx of the surrounding material, and difficulties are experienced when 
foundations hav^ to be laid on a shelving bed of rock whi(h requires 
cutting at a considerable depth below surface, or when the cutting edge 
comes in contact frequently with large boulders or trunks of trees. In 
these circumstances, by the use of compressed air, sand and silt can bo 
kept out, the cutting of the rocky bod into steps or flats can be executed 
in the usual manner, and the removal of boulders or other obstructions 
under the cutting edge can bo dealt with easily. Moreover, the concret¬ 
ing can be done in the dry, and there is no necessity to lower it in ships 
and deposit it under water as is usually done when wells are sunk in the 
ordinary way without the aid of compressed air. 


^10.53. sbCHCFORT DOCK WALL. 


The essential feature of the compressed air system is the bottomless 
drum forming the lowest portion, 1 to S feet high This is thi* working 

chamber filled With compressed air in which 
the workmen excavate the material from 
the bottom and thus gradually cause the 
cylinder to descend till it attains the requi¬ 
red depth, when it is filled with concrete. 
The roof of the working chamber is made 
very strong to support the struc.tnre bnilt 
on it up t<» water level while sinkin is in 
progress. The cylinders sunk in this man¬ 
ner are generally of wrought iron, but they 
have sometim»s been made of wood as in 
the piers of Brooklyn Bridge at New York, 
and occaMonally of masonry as in the dock 
walls at Kochcfort shown in Fig. 5^. When 
masonry cylinders are used the roof is of 
vaulted masonry. 



• Proo. Inet. of Civil Engineers, Vol. Cl. 
t Civil Engineering by Vernon Haroourt, By permission. 
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The working ohamber is entered through one or more airtight vertical 
shafts coostructed over openings in the roof, each provided with an air 
look at the top, for passage of men and materials between the open air 
above and the compressed air in the working chamber below. These 
air locks usually consist of cast iron boxes with two doors, one a trap door 
at the top opening downwards from the external air, and, at one side or 
beluw, another door opening towards the interior of the passage. Each 
lock chamber is provided with atop cocks communicating with the exter¬ 
nal air and the interior of the passage respectively which can be opened 
and closed by persons either within the passage, within the box, or outside 
of both. The lock chamber is farther provided with n valve and a pipe 
for introducing compressed air into the working chamber and passage, a 
pressure gauge, and a large escape valve for releasing the compressed 
air sudderdy when required. Air is pumped into the passage and work¬ 
ing chamber, by steam power till all the water is expelled and the bottom 
on which the cylinder stands is exposed undt-r the compartment. The 
work is done us follows. The upper door being open, the workmen enter 
the look chamber and shut it; then the lower door stop cock is gradually 
opened and admits the compressed air from below till the pressure is even 
on both sides of ihe door. The door can then be opened. The men are 
in the compressed air and free to dtjscend to tee compirtraent. To get 
out, the [irocess is reversed, a chamber full of compressed air being lost 
/ at each opening. The men work at the bottom, dry and o )mf »rtable, 
but under pressure of the compressed air which is trying at great depths. 
To work with safety under compressed air the men should be healthy 
and temperate, and the air should be frequently renewed and kept fresh. 
The insensibility which sometimes seizes a man on emerging direct from 
a high pre^’sure into the open air, and is sometimes attended with danger¬ 
ous results, can usually be cured by placing the sufferer in a chamber of 
pure compressed air at lower pressure which is %louly ruu down to the 
normal atmospheric pressure. The maximum pressure which workmen 
can endure comfortably for long periods is *35 lb. per square inch which 
corresponds to about 80 feet depth of water. 

In order to reduce the cost of sinking by compressed air for founda¬ 
tions in shallow water, the working chamber Caissons have been made 
removable in some ca-ies, being raised bv screw jicks as the masonry id 
built up. By thi^ means the Caisson forming the working charnb r i^an 
be used ov r again for successive foundations instead of remaining 


•Sat Proceeding Inet. 0. E., Vol. CXLIV, pp. 48 and 100. 
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embeded ia the masoory which enhances the cost of the foundations in 
shallow water very considerably. * 

93. Screw pile foundations— Where a light bridge or viaduct with 
moderate spans h is to be carried across a river or creek with an alluvial 
bed of considerable depth, iron screw piles have been used with advan- 
tage. These piles are made up of lengths with flange joints bolted 
together and can be of any required height with proper bracing. They 
present but little obstruction in proportion to their strength, and, when 
braced together in clusters, they form a rigid pier. They cause very little 
disturbance of the ground ia being screwed down by long bars at the top 
and the projection of the screw increases considerably the bearing sur¬ 
face of the pile on the soft bed. 

The screw blade, which is fixed to the foot of 
the pile is usually of oast-iron, and seldom makes 
more than a single turn round the shaft. Its 
diameter ia from twice to eight times that of the 
shaft of the pile and its pitch from one-half to 
one-fourth of its diameter. The best mode of 
driving screw piles is to apply the power of men 
or of animals, walking on a temporary platform, 
directly to levers radiating from the heads of the 
piles. 

As an example may be cited the wrought-iron piles used iu the piers 
of Railway bridges on the Bombay and Baroda Railway. Each of these 
was screwe l into the ground by means of four levers, each 40 feet long 
and each having eight bullocks yoked to it. In this example, the great¬ 
est working load upon each screw of 4 feet 6 inches in diameter, 
exclusive of the earth and water above it, is nearly as folltws ;— 

Pier 25 tons + superstructure 12+trsin 30=67 tons=: 160,080 lb., 
being at the rate of nearly 100 lb. per square inch or 7 tons per square 
foot of the horiiontal projection of the screw blade, 

94. Very similar to screw piles in principle are hollow Iron piles with 
a disc at the bottom. See Fig, 65. These are usually of cast-iron and are 
sunk by a stream of water under pressure from a pipe lowered inside 
the pile which scours away the ground from under the disc and causes 
the pile to descend. They are sank very readily through pure sand by 
this process, but when the soil is more compact owing to the presence of 
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the presence of clay or silt, the progress of sinking is expedited by provid ¬ 
ing the bottom of the diso with sharp radial ribs as in Figs. 56, 57 and 
by turning the pile slightly as it sinks. 

When the sinking has been completed by the water jet, a few blows 
on the pile from a heavy ram with a small fall give the disc a firm solid 
bearing on the sand which might previously have been disturbed 
somewhat by the water jet. 



95. Piles and pile driving— The use ot ordinary driven piles 
in foundations has been referred to in previous paragraphs. They will 
now be described, as also the method of driving them into the ground. 

Timber piles are generally 9 to 18 inches in diameter with a length 
not above 20 times the diameter. For important works they are of sawn 
timber, but if sapling or rough timber, is used they should be prepared for 
driving by stripping ofljtheir bark and pearing down the knots to reduce 
as much as possible the friction in driving. The head of the pile 
usually encircled by a strong hoop of wrought iron to prevent it from' 
splitting by the action of the ram. The lower end is pointed and 
protected by an iron^shoe fastened to the side of the pile by straps and 
pikes. 
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96. A machine termed a pile Engine is aaed for driving piles* 
It consists essentially of two uprights firmly connected at the top by a 
cross piece, and of a ram or monkey of cast-iron, for driving the pile by 
percussion. Two kinds of engines are in use ; the one termed a Orah 
JS^npins, is shown in Plate VII; in this a heavy monkey is hoisted by a 
crab winch to the full height and released by the detaching arrangement 
shown in detail. In the other, the Ringing Engine, a light monkey is 
raised by the sudden pull of several men upon a rope, or ropes, by which 
it is drawn up a few feet to descend on the pile, thus giving a much 
lighter blow than the other, but the,blows for more quickly in suoeession. 
See Plate VIL In ordinary cases the ram is raised by manual labour, 
but for heavy work which must be quickly done a steam hoist is used 
which works an endless chain provided with catches at intervals to raise 
the ram, or a steam pile driver may be used like the well-known Nas¬ 
myth's machine, which consists of a heavy iron frame resting on the pile 
and forming the steam cylinder, with a hammer or ram inside it con¬ 
stituting the piston. The latter is very eOScient in sandy soils as it works 
a very heavy ram (4 tons) dealing 60 to 80 blows a minute with a fall of 
3 to 4 feet. 

Ihe fall given to the ram varies from a few feet up to a maximum of 
30 feet, and the weight of the ram from one-third of a ton to two tons, 
according to circumstances. 

In calculating the effect of a ram in driving a pile which does not rest 
on a firm bed bat resists only by virtue of friction on its sides arising from 
compression of the soil, French Engineers have adopted a rule to stop the 
driving when the pile has arrived at its absolute stoppage, which is 
supposed to be reached when a volley of thirty blows from a ram of 800 
lb. falling 5 feet does not produce a further penetration into the subsoil 
than ^ of an inch. Another rule (known as Sander’s rule) is that the 

safe permanent load a pile will carry is where W is the weight of 

the ram, H is the fall of the ram is inches and D the set of the pile with 
the last blow, also in inches. Many other rules of this kind will be found 
in Molesworth’s and Trautwine's Books of Engineering Formulae, but 
Sander's rale given above seems to be as good as any. 

A heavy ram with a small fall is the best for sand ; a light ram with 
a high fall for clay. A great number of light blows in quick succession 
is more effective than a small number of heavy blows especially in sand. 

When a pile, from breaking or any other cause, has to be drawn 
Out, it is pulled up by using a long beam as a lever for the purpose, 
be pile being attached to the lever by a chain or rope suitably adjustecL 
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If this is not feasible in deep water, hydraulio or screw jacks carried oa 
a pair of boats or pontoons may be used. It should, however, be noted 
that the drawing of piles often causes a settlement of the grouni which 
may be dangerous, and where this must be avoided the piles should be 
left in the ground, their projections above ground being cut off as facias 
may be necessary. 

The least distance apart at which piles can be driven is about 2^ 
feet from centre to centre. If they are more crowded than this they may 
force one another up as they are successively driven. It is therefore a 
matter for calculation whether the weight to be borne can be supported 
on the area available. 

As an aid to pile driving, water jets have sometimes been employed, 
where pure sand or soft soil has to be dealt with, in the same manner as 
that adopted in the case of hollow iron disc piles described above. By 
placing two flexible pipes down opposite aides of a pile with their nozzles 
■extending below the pile and directed c=>nbrvlly towards its point, and 
turning on a powerful jet of water under pressure through each, the soil 
•under the pipe is greatly loosened and scoured and the pile sinks much 
more freely with far less driving. 

97. Sheet piles are flat piles which, being driven successively edge 
to edge, form a vertical shjeb for the purpose of excluding soil and water 
from foundatiioa trenches during consbractiioa, or preventing ohs materials 
of a foundation from spreading. They may be of any thickness from 2^ 
to 10 inches according to the depth of soil they hold back. They are 
generally bevelled at the lower end to an edge and in stony groun i may 
be shod with sheet iron. They should be carefully fitted to each other 
before driving. Their edges are sometimes tongued and groved, but this 
is seldom necessary; if th3y are driven perfectly parallel and true the 
swelling of the wood when exposed to moisture will generally secure a 
watertight joint. When the piles are thin, and their heads are liable 
to split under the blow of the ram, a timber capping piece is placed on 
top of the pile to receive the direct blows of the ram and trausmit them to 
the pile. Steel sheet piles are now frequently used. 

98. Iron and Steel pilea^-oWooden piles are liable to rot quickly 
in India if they are in positions where they are alternately wet and dry. 
Metal piles have therefore been much used in England and India where 
wooden piles would not be suitable, and they have been found particularly 
useful in the deep sandy bads of Indian rivers. They are generally of cast 
iron, bat frequently of steel, and may be used either as bearing piles or 
-aheetiug piles. The former may be either solid of section or hollow 
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(square or rouud). The fall of the ram should not exceed 4 or 5 feet a» 
Cast iron is brittle and would be fractured under a higher fall, A piece of 
hard wood (called a punch or dolly) should always be interposed 
between the ram and the pile, in driving, to deaden the blow. Cast«iron 
piling should not be used in salt water as it becomes gradually softened 
after a time so that it can be cut with a knife. 

99. Reinforced concrete piles have recently been used in the 
foundations of large work in Europe and America, The high cost of 
Portland cement and steel as compared with timber will preclude their use 
in India except in very special cases. They are used in the same way as 
timber piles, and in construction they are not essentially different from 
columns of armoured concrete. Their chief advantages are (1) they 
are equally durable in dry or wet soil where piles of timber must be kept 
constantly submerged to reserve them from rotting, and ( 2 ) they are^ 
particularly suitable for use in sea-waber in which cast-iron piles are 
useless. Further informatioa, if required, can be obtained by reference^ 
to the standard books on ** Reinforced Concrete '' by Marsh and Dunn or 
Buel and Hill. 

100. Loads on foundations of piers of bridges— The weight, 
on bridge supports increases necessarily with the span and height of the 
piers. For shallow foundations the safe intensities of pressure have 
been given in paragraph 73. For piers with deep fouudatious provision 
has to be made to carry the load by ( 1 ) giving the foundations as large 
a base as possible ( 2 ) carrying it down to such a depth as will afford th 3 
required resistauce by (a) the greater compactness of starta in the lower 
depths, and ( 6 ) the friction between the soil and the external surface of the- 
foundation imbedded therein. If the pier stands in deep water the effect 
of buoyancy must also be considered as aiding the resistance of the: 
soil. 

As regards the splaying of the foundation to give a larger base, this- 
can only be done to a limited extent in deep pier foundations owing to 
difficulties of sinking and of obstruction of waterway. The resistance 
offered by compact strata at great depths may be calculated by Bankiac’s^ 
formula for deep foundations in Art. 196 of bis Applied Mechanics.. 
According to this formula, the greatest iuteusity of pressure, consistent 
with stability, of a structure founded on a horizontal stratum of earth at 

a depth X, the angle of repose being 7 , is W X ^ being 

the weight of a cubic foot of earth. The angle of repose may be taken to 
be 38® for dry sand, 22® for ordinary wet sand, 15® for running sand,, 
4®f or dry clay and 16® for wet clay. , 
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To calculate skin friction, the co-eflScieut of friction between masonry 
or brickwork and clean wet sand may be taken to be 0*4. An actual 
experiment made in India with a well 19' 6^ diameter, sunk 40' below 
■ground surface, showed that the skin friction per square foot amounted to 
5 cwt, per square foot. See Vol. CLI. Proceedings I. C. E., page 297. 
This however seems excessive. A safe allowance for wells in sand 60' to 
70' deep would be 3 cwt. per square foot. For greater depths up to 150 
feet it may be increased gradually to 5 cwt. and for smaller depths up to 
25' reduced^0 2 cwt. See Molesworth’s Pocket Book of Engineering 
Formulae, page 89, 26th edition. 

Buoyancy is easily calculated from the watar displaced and will of 
course depend on the depth of immersion. 

101. The Hugli bridge piers, sunk through 30 feet of water and 60 
feet of silt, rest on yellow clay. Deducting skin friction at 5 cwt. per square 
foot, the weight on the base of the pier is 7*5 tons per sq. foot, the normal 
pressure of earth and water at the same depth being 4*5 tons per square 
foot, The Dufferin bridge piers at Benares rest on sand at a depth of 
140'below low water level, of which 60' is water and 80' sandy soil; 
excluding skin friction and buoyancy, the weight on the base is 11*19 
tons per square foot. The Hawkesbury bridge piers in New South Wales 
have been sunk through a stratum of mud 120 feet thick to a sandy bed 
below; excluding skin friction and buoyancy, the weight on the base is 
^ tons per square foot. 

Piers and Abutments— The design of a bridge depends 
primarily on the spans selected for its openings, and the spans agaiu are 
determined by the number and position of the piers. When the piers are 
of small height and their foundations easy, small spans and numerous 
piers furnish the most economical form of bridge. When, on the contrary, 
the piers have to be made a considerable height, and more especially 
when the foundations have to be carried down a considerable depth below 
the bed of the river, it is usually necessary on the grounds of economy to 
adopt large spans in’order to reduce the number of piers. See paragraph 
36, Chapter II. 

103. As the horizontal thrust of the two half arches on each side 
of a pier counteract each other, the only force that the pier of an arched 
bridge has to resist is that due to the weight of the two half arches and 
their superinoumbant load. In a girder bridge the load is also vertical 
and arises from the weight of the two half spans on either side and 
4 heir moving load. The thickuess of the piers at the top to sastain this 
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Yerl^oat pressure, if calculated theoretically, would be very small as the 
orushing stress of brickwork is 35 to 40 tons per square foot, but thU 
is much less than what is given in practice, for allowance must be mads 
for the wear of the exterior surface in the course of time, for shocks due 
to earthquakes and floating bodies, and for the size of bearing plates 
necessary for the size of girders tO be used. The safe intensity of pressure 
on the soil on which the foundations rest must also be considered. The 
ordinary dimensions for brick or masonry piers of arch bridges are one* 
sixth of the span for spans from 15 to 30 feet, one-seventh from 30^ to 
60', and one-eight to one-tenth for larger spans, the proportion getting 
smaller with the increase of span. This thickness is measured at the 
top of thq pier. The usual widths of piers of railway girder bridges are 
as follows—3' for spans of 20 feet, 4' 6" for spans of 30 feet, 6' for spans 
of 40 feet, 7' for spans of 60 feet, 9' for spans of 80', and 10' for spans of 
100 feet. Short piers may be built with perpendicular sides, but a very 
high pier looks better with a batter of 1 in 12. Piers for girders and 
semi-circular or semi-elliptical arches are finished oflf with flat tops or 
imposts, but, for segmental arches, inclined skewbacks are provided at the 
top of the piers. The upstream face is built with a cut water formed 
thus to direct the current, with as little eddy as possible, 

through the openings between the piers. 

104. In bridges composed of numerous arches, it is advisable to 
make every fifth or sixth pier strong enough to act as an abutment, as^ 
the arches can then be turned in sets and great expense in centering is 
thus saved. Moreover, in the case of injury to the bridge by floods 
causing the fall of an arch, the damage will probably not extend further 
than the next abutment pier. 

105. Sections of the piers of the Dufferin railway bridge, Benares,, 
which carry spans of 356 feet are given on opposite page in Figs. 58, 59. 
They are typical of the construction of piers of large bridges on very 
deep foundations. 

106. Abutments for girder bridges should be thick enough to take 
the vertical load due to the weight of half the span with its moving 
load, and also to act as retaining wall for the filling behind the abutment 
when the abutment ia unloaded (as it will be before the erection of the 
girders and perhaps at some future time during their renewal). Abut¬ 
ments of arched bridges having to sustain the thrust of the end arches, 
unbalanced by the counterthrust of any adjoining one, require to bo 
thicker than piers; and as the thrust depends on the span, rise and weight 
of the loaded arch, this should be calculated in each particular ease and 
the thickness deduced therefrom as explained in the chapter on arched 
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Fig. 58. 



bridges, paragraphs 116, 116, It should, however, be remembered in 
conneotioQ with this that if the wing walls aud buttresses of an abutment 
are built up and the filling of earth behind it is rammed in and carefully 
executed simultaneously with the building of the main abutment wall, the 
whole mass of masonry and filling behind the abutment will increase its 
resistance to the thrust of the arch which is eventually to come on it. 
The following are good forms of abutments in connection with wing walls. 
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107. Wing-walls may either be built at right angles to the 
abutment, or inith a splay outwards; the first plan is the simplest, ani 
has the advantage of giving a better hold to the earth of the river banks ; 
but when the road narrows on crossing the bridge, or when two or more 
roads meet at the approach to it, the wings require to be carved or 
splayed. When the soil of the river banks is bad, the foundations of the 
wings must be laid at the same depth as that of the abutments for their 
whole length, otherwise unequal settlements and cracks are likely to result 
from the unequal height and weight of different portions. But if the soil 
forming the banks of a stream be firm, the wiog-walls may be cheaply 
bulls with foundatioos in steps corresponding with the form of the banks. 
This procedure is not recommended, however, except for very compact 
soils or rock. The depth of each successive step should be determined with 
reference to the section of the bank and to the soil; in rocky ground the 
surface of each step should be 2 feet below the surface of the ground, and 
in gravel 3 feet. When the foundations are stepped, lengths of different 
heights should not be bonded together but built with clear vertical butt 
joints, otherwise cracks are likely to appear from unequal settlement. 

A good rule for the length of wing-walls is, that they should be 
one-and*a-half times as long as the height of the road-way above the bed 
of the river. Their mean thicku^ss may be one-fourth of their height, and 
they should be built with ofisets on the inside so as to reduce the thickness 
at the top to 2 or 2^ feet. This thickness may be reduced in the case of 
long wing-walls, partly buried in filling on both sides, if the filling is done 
simultaneously with care inside and out. In fact the rules for their 
thickness are the same as for other retaining walls. The thickness of 
wing-walls should depend not only on their height but on the description 
of the soil; when the soil is firm and compact there will not be so great a 
pressure on the wings as when it lis'loose. Wing-walls of very great 
thickness have been thrown down or cracked to such an extent that it 
has been necessary to rebuild them, owing to the earth having been 
thrown in loose between them and swelling after becoming saturated with 
water. This accident would never happen if the precaution were taken of 
filling in the earth gradually as the walls were built; it is then trodden 
on daily and cannot afterwards be easily penetrated by water. When 
abutment walla are built with long buttresses] the pressure on the wing- 
walls is decreased. 

The ends of wing-walla are generally widened to form pillars of 
support which may be square below ground, and of any form above 
ground which may be considered most appropriate to the design of the 
parapets to which they form terminations. 



CHAPTER V 

ARCHED BRIDGES OF MASONRY, BRICKWORK 
AND CONCRETE 

108. Arches of brickwork, masonry and concrete are very commonly 
nsed for road bridges of moderate span where the available headway is 
adequate, on account of their simplicity, durability, and when materials 
are readily available, their moderate cost. They are sometimes used for 
railway bridges. 

109. Shape of arches of bridges—The arches may be semi-circular, 
elliptical or segmental. Semi-circular arches are strong and have the 
advantage of exerting little or no thrust on the abutments, but they 
generally give too great, a rise, thereby involving heavy and expensive 
approaches. Elliptical arches are very light and graceful in appearance 
and exert but little thrust on the abutments, but they are not so strong 
as the segmental type and are more dijfficult to construct. The segmental 
arch is the type usually adopted. The proportion of rise to span or¬ 
dinarily varies from one-seventh to one-fourth, the ratio increasing with 
the span. The Batter an arch is the thicker it must be to resist the 
compressive strains it has to bear and the greater the care required in 
its construction ; the higher it is the more expensive are the approaches, 
if in embankment. 

The springing of the arch should be a little above the level of the 
highest known, flood, and, where navigable rivers or canals are dealt 
with, sufiScient headway should be allowed to give room for a laden boat 
passing under the arch at the high water level. 

It is now usual to give the same rise and span to all the arches of a 
bridge and to place their springing lines on the same level. This is pre¬ 
ferable to the older practice of having arches of unequal dimensions with 
their springing lines lower in receding from the centre to the extreme 
arches. When the first plan is adopted, the parapet wall and roadway 
are on the same level throughout, and measures must be taken for 
keeping the latter dry by apertures at the bottom of the parapets. The 
latter plan has, however, the advantage of reducing the cost of the 
4tpproaches by having a gradual fallj in the roadway from the crown to 
the two ends, and many still think it is more picturesque than the other. 

110. Bonds of arches and other minor details of construction— 
The bond of arches and other minor details of their construction 
have been dealt with fully in the Manual on Masonry. The wooden cen¬ 
terings, required to support the arch while it is being built, have been 
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described in the Manual on Carpentry, but there are certain points con¬ 
nected with the centerings peculiar to the construction of large bridges,, 
which must find a place in this Manual. 

The actual working period in Upper India for fixing the centerings 
and turning all the arches between two abutments or abutment piers is 
ordinarly nine monthS) viz,, from Ist October to the 30bb June. On or 
about the 1st July the monsoon rains begin, and high floods may occur 
at any time from that date to the end of September. It is, therefore,, 
advisable that all centerings, etc., obstructing the waterway should be 
removed by the lat July and the spans left clear for the passage of flood 
water. Under these conditions it is most essential that all preliminary 
arrangements for building materials, pile driving apparatus and labour 
should be complete by Isb October to enable a good start to be made 
without loss of time as soon as the flood season is over. 

Ill, Arch centerings —In bridges over large rivers, dry weather 
stream for the greater part of the year passes through one or two spans 
only, for which open wooden centerings, either spanning the whole 
opening or built on intermediate pile supports, are absolutely necessary. 
These will be designed as explained in the Carpentry Manual. For the 
side spans, which are dry except in the rains, it may be possible in bridges 
of moderate height to make solid centres of sand taken from the bed of 
the river. Where woodwork is expensive and coolie labour is plentiful 
these solid centerings will sometimes be found to be more economical 
and more quickly made and removed than timber trusses and supports, . 
In making solid centerings care should be taken to see that the filling 
behind the piers adjoining the open spans is not carried to such a height 
as to cause any lateral movement of the pier. If calculations show that 
this is likely, the filling should only be taken up to the safe limit, and 
the rest of the space up to the arch built up with substantial temporary 
pillars of bricks on broad bases resting on the filling. Such a com¬ 
bination of filling and temporary brick pillars is also useful when 
the arches have a considerable rise, which would necessitate heavy 
earthwork in the end slopes of the filling if carried right up to the 
crown. The filling in such cases may be carried up to the springing,, 
and the segment built up with pillars to carry the arch during construc¬ 
tion. To prevent any appreciable settlement while the arch is being 
built, the sand filling should be watered and rammed in layers, and 
this should be done with special care if the depth of filling is considerable 
and the sand is not quite clean. The filling should, moreover, be 
done early in the working season, to allow as much time as possible 
for it to settle before the arch is built on it« Solid earth centeriogs* 
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have been used saooesafully for the 65^ arohea of many road bridges on the 
Ganges Canal and they were used for some of the end spans of the Gutnti 
bridge at Luoknow near the Medical College (5 spans of 75’), If the 
whole of the sand tilling is not removed before the flood season sets iQ> it 
will be carried away rapidly by the first high fiood provided that a central 
cub is made in each span to induce the current to enter the opening, but' 
this may prove risky unless the bridge has deep foundations and is flanked 
by high embankments leaving the river no other course but that through 
the bridge. 

Various periods have been laid down as proper bo allow between the^ 
keying and the uncentering of arches, though it has been generally agreed 
that immediately after the keying of the arch the centerings should be 
slacked a little, so that the bricks miy close in and compress the mortar. 
And certainly this should be done before the facing, spandrel, and outside 
parapet walls are built upon the arches, because a trifling change of form 
in the arch may occur by its settlement without impairing in its strength 
yet this change may crack and disfigure the external face walls but if theso 
walls are not built until the arch has taken its final set, there will be no 
danger of their being afterwards deranged or disfigured. Arches have been 
safely uncentered immediately after keying and have changed their shape 
but slightly ; centerings have also been left up one and two months^ and 
even six months, and though on their removal the arches have not sunk at all,, 
yet they have done so occasionally after the addition of ths weight of the 
superstructure. lo is clear that aiy ohauga of shapi in the arch must be 
less prejudicial to its strength while the mo,'tar is soft than after it has 
set, for should any settlement thsrh take place, the work must become 
crippled. 

When, however, a large arch has been built on a solid centering, or one 
that cannot be properly and equally lowered, it is advisable to allow the 
arch to set, at least partially, before proceeding to remove such a center¬ 
ing, which, moreover, by its compression, has probably allowed, of somj 
degree of settlement in the arch. 

The time in which the arch has been built is an important point in 
this question. If the lower part of the arch, from the springing, has been 
made some time before the upper, it will have hardened or set, and then,^ 
if the centre is struck directly the arch is keyed, the compression of the 
soft part will probably cause cracks is the hardaa9(i part. But if tho^ 
work has been evenly and quickly done and kept thoroughly moist, as it» 
should be, then no doubt a gentle slight lowering of the centres is desirable 
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to allow the arch to compreaa itself slightly aod bring all its joints into fair 
bearing, but even this lowering must not be done while the mortar in the 
4ast finiabed joints is still so soft that it will be squeezad out* 

112, Thickness of arches —Theoretical calculations of the thick¬ 
ness required for a bri^jk or stone arch, to resist the compresaive and other 
stresses to which it is subjected by its own weight and the load it carries, 
involve problems of considerable mathematical intricacy which strictly 
belong to the subject of Applied Mechanics, and cannot be dealt with in 
full detail in this Manual. They are not very satisfactory as they are based 
on certain assumptions, but they must be resorted to for very largo 
arches of important structures and for arches of special design. For 
convenient reference, the calculations required for symmetrical arches 
loaded vertically, such as those of bridges usually are, have been given in 
Appendix B, but, in all ordinary cases of bridges of moderate span, most 
Engineers think that the empirical rules given in Rankine’s Civil Engi¬ 
neering, and Molesworth’s Pocket Book, which are derived from numerous 
existing examples of successful structures, are the best guides. These rules 
are given in the following paragraphs, and in the Manual on Masonry will 
be found a general statement of the theoretical considerations on which 
are based all calculations for the strength and stability of arches ofdififerant 
shapes under different conditions of loading. 

The thickness of arches depends on the rise, on the weight supported, 
^ud on the material of whi^h the arch is composed, French Engineers 
make the thickness i of the span -}- !•! feet, but as this rule is iudepan* 
dent of the rise of the arch, Rankine’s formula, which is based on the 
radius of curvature of the arch, is to be preferred. This formula makes 
the thickness at the crown in feet \/0’l2 r for a single arch and '\/0*17 t 
for an arch of a series, r being the radius of curve of the soffit at that 
point. Here again no account is taken of the material of which the arch 
is built. Hurst's formula is based on Rankine’s formula, but gives 
different values to the coefficient for diffierent materials. According to this 
formula, the tbickuess at the crown feet should be n \/r, r being the 
radius of curvature at the crown in feet and n a constant with the values 
given below. 

Single ArcL 

Block stone n 

Brick ... ... n 

Bubble ... ... n 


Arch of a series 

=: 0*3 Block stone ... n = 0 85 

= 0*4 Brick ... 74=0-45 

= 0*45 Rubble ... n = 0*5 
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The table in paragraph 116 compares the culciilated and actual dimen¬ 
sion of several successful bridges of different types, 

113. Arches of large span should increase in thickness from the 
crown to the springing. In segmental arches over 30 feet span, the^ 
thickness at the springing is usually 50 per cent, more than at the 
crown. Brick arches are generally divided into several sections in length; 
and the increase of thickness in each section is half a brick to ensure- 
proper bond. 

114. Concrete Arches. — Ooncrete arches are usually made about 
10 per cent, thicker at the crown than brick arches of the same span and 
rise. Arches of this material act as monoliths and exert no thrust on thd^ 
abutments, which need not therefore be quite so thick as those of voussoir 
arches. They are very useful for oblique or skewarched crossings, which 
are somewhat troublesome to construct in brick or stone. See the chapter 
on Arching in the Manual on Masonry. Concrete was used largely for 
the arches of all culverts up to 10 feet span on the Kangra Valley carbroad. 
and one of the larger bridges, of 40 feet span was also built of the same 
material. The concrete was composed of I part hydraulic stone lime, 2 
sand, and broken atone. Experiments showed that concrete made of 
small ballast not exceeding 1'' ia size was considerably stronger than that 
made of large material, and chat the more it ^was consolidated by ram¬ 
ming, the stronger it became. 

A thoroughly well constructed arch of concrete should be as strong as 
a similar one of brick, if composed of hard small ballast and a liberal 
proportion of sound mortar of cement or good hydraulic lime, but in 
practice the danger arises that a uniformly good quality of concrete alt 
through the arch is difficult to eusiire without the closest supervision 
and this it is difficult to give in large structures of this materiaf 
while the inspection of brickwork is a much easier matter. The utter 
uselessness of inferior concrete iu an arch was shown by the failure of a 
bridge of this material put up some years ago on the Londou Metropolitan 
Railway*, which yielded under its own weight when the centres were 
struck. The arch was of 75 feet span, 7J feet rise and 3J feet thick at 
the crown. It was rebuilt to the same design, but with special care as to 
materials and workmanship, aud has proved thoroughly successful, Tho 
inference to be drawn from this case is that, without expert supervision, it 
is not safe to substitute ooncrete for brickwork under ordinary circumstau- 
oee for large arches, but with close supervision we can rely upon the mate¬ 
rial whenever special conditions render its use expedient or imperative. 

'^Engineering’* o( 25lh Deeembdr, 186S. 
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115. AbutmeatS of arches.-- The tbickoess of the abutment of 
an aroh can only be calculated theoretically if the thrust of the arch on 

it and the direction and point of 
application of the thrust at the 
springing, are known exactly. 
These are calculated as explained in 
paragraph 112. If the thrust on 
the abutment has been ascertained 
by calculation, the thickness of the 
abutment is easily found by find¬ 
ing the resultant of this force and 
the weight of the abutment acting 
vertically. The resultant acting on 
the base should be within the 
middle third of the latter if ten¬ 
sion in mortar joints is to be avoid¬ 
ed. The diagram in the margin 
requires no explanation to stu¬ 
dents who have been through 
their College course of Applied Mechanics. 

The footings of the abutment should be splayed out to keep the 
tnaximum intensity of pressure on the fouadacioa soil within safe limits, 
and the possibility of the abutment moving laterally on its base, due to 
the horizontal component of the resultant force acting on it, should also 
be carefully considered. To guard against the latter continaency, abut¬ 
ments of large arches on rock or very firm soil are often built with their 
bases inclined at such an angle as to make the bases as nearly normal to 
the resultant force as possible. 

Another point which must not be overlooked in this connection is that 
the thickness of the abutment at the springing, where the arch rest on it, 
should be sufficient to prevent the layers of masonry at this level 
being thrust out by the horizontal component of the thrust of the 
arch. This force of debrusion will be resisted by the cohesive strength 
of the mortar bed-joins at the springing. The latter should be found by 
experiment in each case. For ordinary mortar it will be found to be 
about 2,000 lb. per square foot. With mortar of this strength the 
thickness at the springing should not be less than the horizontal 
tbrnst (in pounds per foot run of abutment) divided by 2,000. 
In abutments built) up to a considerable height above the springing, 
or heavily loaded in some other way, the thrust would also 
be resisted by the friction in the joint at the springing. 
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In suob cases, the resistance due to the superincumbeol weight should 
^Iso be considered, the coefficient of friction of stone or brick being 
assumed to be 0*7. 


116. In ordinary cases of arches of small span for which detailed 
calculations of stresses are not considired necessary, and whose thickness 
has been fixed by the empirical rules given in paragraph 112, the stresses 
of the abutments cannot be ascertained theoretically, as the thrust is not 
known exactly and without it the resultant force acting on the base cannot 
be found. In such cases, the thickness of the abuument may be fixed by 
empirical formulae in the same manner as that of the arch. Two of these 
formulae are giveu below. lu conuection with this, the table at the end 
of this paragraph should be referred to; this gives the actual thickness of 
the abutment of numerous examples and the thickness cilculated by the 
following French formula. 

French formula — 

0 Thickness of arch at crown, 
d span. 

h Height of abutment from springing to Foundation surface. 
f Versed sine or Rise of Arch. 

£ thickness of abutment. 

H height from foundation to the bop of the extrados as loaded. For 
road bridges the surface of the loaded extrados may be assumed to be 2 
feet above the crown of the extrados of the arch, and H = ^ 

0 + 2 . 


1. For Segmental Arches^ 


! h. 


2 . 


3. 


E = (l + •212d)y-'^X 

For semi-circular Arches — 

E = (2 + -162 d)^ 

For Elliptical Arches —• 

E = (1-4 + •154ci) 


/ h 4- id 
U 


X 


0-87cf^ 
id -h c 




'V H 


•46/ + c 


These formulae are based on the following assumptions. Ist, that in 
segmental arches the joint of rupture will be at the springing ; 2nd, that 
in semi-circular arches the joint of rupture will be at an angle of 60® with 
the vertical, or \d above the springing; this leaves the span between the 
points of rupture ’STd: 3rd, that in elliptical arches, the joint of 
rupture will form an angle of 45® with the vertical and will be at a 
height of *54/above the springing; also that the span between the 
points of rupture will be *84(2. The numerator of the fraction having H 
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for its denomiaator is the height from the foundation to the point of rup> 
ture. The numerator of the second fraction is the span between the 
points of rupture; the denominator is the distance from the point of 
rupture to the extrados of the arch. 

It is understood that the thickness of abutment calculated from the 
formula is the mean thickness, which in practice may be obtained, when 
so desired, by the help of counterforts, the wing walls being reckoned as 
such when suitably placed. 

Hurst*8 formula — 



T = Thickness of abutment in feot. 

B = Radios of arch at crown in feet. 

W CB Weight of 1 foot in length of half arch in cwts. 

H = Height of abutment to springing in feet. 

This formula gives a thickness T of abutment, without wing walla- 
or counterforts, just sufiBcient to balance the thrust of the half arch, the 
depth at the crown being equal to 0'4y'R and the material in the arch 
and abutment the same. A fair margin of safety should bo allowedi 
beyond the thickness calculated by this formula. 
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117. Spandrels— The spandrels or spaces between the arches may 
be filled up in various ways, but the following are considered the best. 
In small bridges the masonry, having been brought up to a level with 
about one-quarter of the rise of the arch, is sloped up to the top of the 
crown, and ttie remaining spacefilled with gravel or stone-rubbish, 
butj not with sand or clay. In large bridges, the best mode of tilling up 
the spandrels is to built cross-wall-' between the arches, founded upon 
the solid masonry already mentioned, and increasing in length as they 
advance in height ; they rest upon and abut against the backs of the 
arches and act as struts between them. These walls are placed from 
two CO three feet apart, and are made from 18th inches to three feet in 
thickness, according to their height. They are bonded together, if of 
considerable height, by laying long stones across from one wall to the 
other at intervals, or, when stone is hard to get, long flab tiles of earthen¬ 
ware. The outside spandrel walls, sometimes called face walls, run¬ 
ning parallel with these, are connected with them in the same way and 
become a part of the general frame. 

The walls are carried up nearly bo the crown of the main arches, when 
the spaces between them are themselves arched over Openings are made 
at the bott)in of these walls along the top of the piers, through which any 
water that may fall into, or may by any means be colK^cted in, the 
spandrels, is conducted to one point and issues through a pipe or spout 
placed for that; purpose. The outside spandrel walls are usually made 
thickc!’ than the interior walls, and a wall should be built along ihe 
piers and abutments crossing and binding the other walls. 

When the spandrels have been brought to the proper height, they are 
dressud to the slope at which it is proposed bo make the roadsvay, which 
IS recommended to be not greater than 1 in 30. 

In some large French bridges the spandrels have been filled up 
entirely with rubble masonry, bub this throws an unnecessary weight 
upon the arches. In designing the spandrels it shoiiM be remembered 
that the tendency of a very flat arch is to full in at the crown, rising at 
the haunches, and that, to coiinberacb this tendency, a certain amount of 
weight is allowable and even beneficial on the haunches. On tbe other 
hand, the tendency of a high arch is to open out upwards at the crown 
the lower parts falling inwards audio prevent this, tlie haunches should 
be lightened as far as possible. Lack of attention to these two prinoiple& 
frequently leads to designs involving and excessive amount of masonry, 
and very needless expense is thereby incurred. 

6 
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ll8. Blocking^ coarse—On top of the face walls comes ihe blocking 
course^ Tliis coarse extends the whole length of the bridge ^long the 
spandrels, arches and wing-walls. The upper part of it should be of 
sufficient width to allow of an inner and outer projecting ledge as well as 
space for the foundation of the parapet. The upper side of the outer 
projecting ledge or cornice should have a slope or weathering to throw 
ott the water, and the projection should be properly throated to prevent 
water trickling down the face of the bridge. 

no. Parapets—The height of the parapet wall above the roadway 
may be three feet in medium-sized bridges, and may be increased in 
larger ones to four feet. The thickness may be either a brick-.ind-a-half 
or two bricks; the former will generally be sufficient. 

When there are no footpaths on the inner side at road level, there 
should be a projection 0 to 12 inches square, called a wheelguard, to 
keep off the cart wheels. This should be of stone if procurable, otherwise 
of brick-on^edge. 

Thj blocking course, on which the parapet is builc, should be from li 
to 2 feet wide, and one to two feet high. The inside of the parapet should 
be quite plain as any projecting ornament would be quickly knocked off*; 
on the outside, at top and bottom, a neat cornice will improve the 
appearance of the bridge. Should a balustrade be adopted instead of the 
ordinary parapet wall, it should be formed of bricks moulded expressly 
for that purp >se ; hollow pottery baluster^ should never be used. Per* 
forated parapets of vacioiis designs may be built wiih bricks specially 
moulded ; these have the incidental advantage of lessening the accumula¬ 
tion of dust on the road. 

120. Roadway— The roadway of a bridge should consist of a layer 
of brick-on-edge and, on this, a layer of good kankar or broken brick, 
well rammed to a depth of one foot at the centre and nine inches at the 
edges. , 

A curb of stone or brick-on-edge should be laid about four feet from 
the parapets for the footpaths, which may be made of paving stones or 
large flat tiles. The footpaths should be raised three or four inches, a 
sloping or saucer drain being made between the curb of the footpith and 
ihe carriage way on each side. The curb and sloping drain should be of 
stone when this is procurable. If footpaths are not provided, four guard 
stones should be 6xed in the rdad, either at the extremities of the 
parapet, or at the parts where the roadway begins to narrow, so as to 
protect the parapets from cart wheels. 

All small road bridges should be made the full breadth of the road, 
whatever that may be ; hut from motives of economy, the breadth of the 
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roadway over large bridges may be reduced ia places, where the traffic 
is little, to 18 feet. On all high roads, however, it should be *27 feet, 
and in large cities as much as 36 feet; these breadths are exclusive of 
the thickness of the parapets and are multiples of nine, which is the 
width required for the passing of a carriage conveniently and without 
risk of collision. Footpaths may be formed on eioher side, slightly 
overhanging the face walls, either by bricking out or by supporting 
them by cast-iron corbels. 

When the roadway over a bridge is much higher than the adjacent 
country, sloping approaches may be necessary, with an inclination of 1 
in 30 as a maximum, hut preferably loss. If the bridge has but one 
arch, or arches of equal height at the crown, the roadway over it shouid 
be nearly horizontal, the slopes starting from the abutments. If the 
arches are of different heights, the thickness of the roadway over each 
of them at the crown should be the same* These precautions are 
requisite to prevent unequal loading of the arches. 

A perfectly level roadway over a briige is less easily kept dry than 
one with a slight inclination both ways from the centre. By forming 
the road with a slight convexity in its cross-section and a slope along 
the length of the bridge, most of the water falling on a bridgejwill run 
along the gutters between the road and the footpath on each side; this 
water should be conducted beyond the end of the wing-walls, and there 
run into masonry drains carried in the most convenient position to low 
ground in the vicinity. But if this plan is not adopted and the bridge is 
very long, holes should be left at intervals in the sides of the bridge, 
under the parapets, to let the rain-water drain off the road. Tne bottom 
of each hole should be about an inch below the level of the road surface, 
and, if, there is a cornice, the wat4r should issue above it, and be dis¬ 
charged by its drip mouldings. Drains are sometimes carried through 
the crowns of the arches or through the piers; obstruction is least likely 
to occur in the former method* 

121. Architectural features—Tbe'architectural Rnish of the bridge 
must be left to the taste of the designer, but the following hints may be 
found useful. 

All the ornamental features of a bridge should be bold and massive. 
The cornice should be full, with a good projection but with few members. 
A parapet looks well if paunelled, and covered with a coping curved in 
section. The caps of the pier heads, and end pillirs of wings, might with 
advantage project slightly above the parapets, and the extrados lines of 
the arches might be indicated by projecting the arches a few inches 
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beyond the face walls. The voussoira of 'the arches might also be 
indicated by chiselled chambers or margins round their edges. Plasters, 
projecting slightly beyond the face at piers and abutments, and sub¬ 
stantial pillars at the terminations of the wings, also produce a pleasing 
architectural efFeot. 

Brick bridges are often plastered to preserve the bricks. The ex¬ 
posed faces of bricks are apt to crumble away in course of time, unless 
the face bricks are all very carefully selected, and are of the very best 
and hardest quality. If plaster is used, the lime should be mixed with 
clean sand to form the plaster and not with surkhi, which is a very 
perishable material when exposed, as it is usually made from bricks 
which have not been thoroughly well burnt. In brick bridges, a stone 
cornice and coping improve the appearance considerably. 

122, Loads on arched bridges— All bridges have to support two 
distinct kinds of load, namely, the dead load consisting of their own 
weight and the railway or roadway which they carry, and the moving 
load consisting of the trains or vehicles and pcdestraina which pass over 
them. The dead load is permanent and, for ordinary bridges, may be 
taken lobe 120 lb. per cubic foot for the whole structure, including 
the arch itself, the spandrels and the roadway. The moving load is 
variable, temporary and may in rapid succession be evenly or unevenly 
distributed over the bridge, as in the case of railway trains passing 
quickly over it. On road bridges, the moving load is produced by a 
crowd of pedestraios marching in step over the bridge, or by steam road 
rollers and other heavy motor vehi des. The usual allowance for 
moving loads on l^irge road bridges is 150 Ih. per square foot of road¬ 
way: on small bridges eithf^r 150 lb. per square foot or the weight 
of a steam road roller, whichever is greater. The weight of the heaviest 
eteam roller, with water and fuel, may bo taken to be 16] tons, the 
steam roller being nominally one of 15 tons weight with front and rear 
axles about 10 feet apart. The two rear wheels, each 18^ wide ; carry 
a greater proportion of the load than the single wide front roller, and 
apply a pressure of nearly 5^ cw ts. per inch of width. For railway 
bridges, the moving load is estimated to be as noted in Chapter VII, 
paragraph 217. 

An aqueduct for a canal is the only form of bridge for which the 
moving load has not to be considered separately from the dead load, aa 
the boats and barges passing over it do not impose any additional 
weight on the structure, since the volume of water di.splaced by them is 
equivalent to their own weight. 
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Wind •pressure, which is another form of moving^loarl, acting side* 
ways, is important in high bridges of large span, but for masonry bridges 
of ordinary spans not exceeding 80 or 100 feet, the stresses produced by 
it are relatively so small that they are disregarded in actual practice, 
123. Arched bridges of large span —1 hough arched masonry 
bridges in India are rarely built in spans exceeding 70 80 feet, it may 

be useful to record here some examples of the large bridges of this type 
which were erected in Europe before wrought iron hal been employed 
in compression, or mild steel was available. 

The London bridge, built of granite in 1824—1831 has a central arch 
with span of 152 feet, a rise of 29j feet and a thickness at the crown of 
feet. The single masonry arch of the Grosvenor bridge over the 
river Dee at Chester built in 1827—1832 has a span of 200 feet, a rise 
of 42 feet and a thickness of 4 feet at the crown and 6 feet at the spring¬ 
ing. In France, the Antoinette Railway bridge over the Agoutnear 
Vielmar has a span of 155 feet 6 inches^ a rise of 36 feet and a thick¬ 
ness of 5 feet at the crown and 7^ feet at the springing, see •Fig, 62. 

Fig. 62. ANTOINETTE BRIDGE FRANCE." 



The largi:8t masonry arch existing is that of the Adolph bridge at 
Luxembourg, span 277 feet, rise 53 feet, 138 feet above river level 4| 
feet thick at crown and 7 feet at springing, 55 feet wide between 
parapets, and formed by two arch ribs of hard local stone, side by sid*^ 
the intervening space being spanned by armoured concrete. This are 
was completed in 1903. 

Masonry and brickwork are riot, as a rule, suitable for bridges of 
very large span owing to the great weight of these materials in com¬ 
parison with their strength, and the large heavy centerings needed 
for their erection. 

124. Type designs of arched bridges and culverts— Designs of 
culverts and minor briiges up to 20 feet span on roads, railways and 
canals, are usually prepared according to type drawings issued by the 
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Railway Departmentj and by the Public Works Deparcmeat of each 
Province. These are readily procurable a ad copies will no doubt be 
available for reference in the College library, so it is not necessary to 
burden this manual with these, but to illustrate the remarks, in the 
foregoing paragraphs, a brief description of an arched bridge consisting 
of 16 spans of 63 feet over the Sohan river on the Labore-Peshawar Road 
IS given below. Many examples of large arched masonry bridges in India 
will be found in the Roorkee Professional papers of Indian Engineering. 

Sohan bridge—Latiore and Peshawar Roid. Sde plate VIII. The area drair.ed 
by the Sohan at the site of the bridge is about 573 square miles, and is very compact 
in shape. The greatest depth of the river in floods is 15j feet, and the mean velocity 
about 8 or 9 feet per eecond. The slope of the bed is 14 feet per mile. The disoharge 
calculated from crosa-Bections of the stream, is, in extreme floods, about 91,800 cubic 
feet per second, which is equivalent to about one«fourth of an inch over the entire 
catchment basic. The bed of the river exposed to view, consists of boulJ era ; water 
flows all the yeir round and ia never less than 1 foot in depth. The true bed of the 
river ia the hard red clay of the country ; ovar that a layer of blooks of conglomerate 
and over that, same 12 or more feet of boulders. 

The clear waterway of the bridge is 945 running feet; the width between abut¬ 
ments 1,077 feet. 

The desiga consists of 15 spans of 63 feet. 

The bridge is floored throughout. 

Specification —The foundations rest ou the olay bottom of the river. The 
masonry below the flooring is of ooursod rabble the laces not dressed. The floor 
oonsists of large blocks of stone well fitted, and the end stones are of the largest size 
cut to fit closely. 

From the floor to the spring of the arohes, the masoury is of the best coursed 
rubble in large blocks with dressed faces. The imposts are accurately cut* 

The arched, spandrel walls aaS auperatructuro of parapets are of best brickwork. 
The cornice is ,of out siooe. The surface drainage of the roadway is discharged 
tbreugh the crown of eaoli atoh by an iron pike just clear of the wheolguaid. 

The entire surface of the roadway is metalled with broken stone. 

The stone used is sandstone from the quarry on the Leh nallah, and none but 
the very best quality of stone has been put into the work. 

Cost Ba. 4,28,271. 
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REINFORCED CONCRETE BRIDGES 

125. Concrete with iron or steel reinforcement has recently taken 
an important place among building materials, and bridge construction 
is one of its best known applications. It is still not known with certainty 
how the two materials act together, but sufficient e xperience has now 
been gained to enable structures to be dosigned safely under ordinary 
conditions. There have been some bad failures in its use which brought 
discredit on it for a time, but in nearly every case where the failure has 
occurred investigation has shown that it was due more to imperfect 
design or construction than to inefiSciency of the material itself. 

126. A composite material of this description would tend to fail by 
disintegration owing to unequal expansion and contraction of the two 
components due to variations of temperatures, but it is a fortunato 
circumstancei which has made reinforced concrete a success, that the 
co-efficients of expansion of steel and Portland oement concrete are 
practically equal, being 0*0000065 for the former and O'UOOO '6 for the 
latter. 

127. The main principle on which all systems of reinforced concrete 
are based is, that the steel or iron embedded in the concrete is so placed 
within it that it will be in the best position to resist tension under 
stress, while the concrete takes the compression. Take for instance the 
case of a simple supported beam resting on two supports; in this case 
the metal reinforcement would be placed just above the lower edge of 
the beam, as in Fig. 63. 


Fig.ea, 



128, Before describing the practical details of construction it wiU 
perhaps be as well to consider briefly how the stresses act in this mate¬ 
rial when under transverse strain. Figs, 64 to 66 show a section of a 
loaded beam in which the total stresses are represented by the shaded 
parts above and below the neutral axis. If the beam consists of homog¬ 
eneous material, like steel, the compressive and tensile stresses of which 
are nearly equal. Fig. 64 shows how these stresses act. The upper trian i 
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represents the total compressive stress above the axis and the lower 
triangle the to&al tensile stress, the two being equal. In a concrete beam 
not reinforced, the diagram would be as in Fig* 65, as this material can 
stand more compression than tension; in this case the neutral axis will 
not be in the middle but considerably above it. If the beam is reinforced 
near its bottom edge by properly proportioned steel rods to assist the 
concrete in tension, the diagram will be as shown in Fig. 66. The resis¬ 
tance to rupture in this case, ofifered by the concrete in tension, is 
neglected in practice. Strictly speaking this assumption is not correct 
but it is generally adopted to simplify calculations, the error beinp on 
the safe side. The determination of the exact amount of work done by 
each material in resisting tension involves formulae too complicated for 
ordinary use. 


F<g. 64. 



f ig. 65. 



Fig 66., 



129. Besides the direct compressive and tensile stresses, the shear¬ 
ing stress has to be provided for in a beam under trausverse strain. To 
meet this stress, steel reinforcement of some kind, in the shape of verti¬ 
cal stirrups or bent bars, is introduced from the upper side of the benm 
to the main reinforcing rods on the lower side. 

130. There are many patent systems of reinforcement, each of 
which has its merits, and a choice can always be made to suit the actual 
working conditions. The chief systems are the Hennibique. Coignet, 
Kahn Bar, Indented Bar, Monier, and Expanded Metal, each of which 
will be described briefly. Patent systems of reinforcement have certain 

advantages, but are too expensive for general use in India, 

The Ben&ibiqtie system is very simple and specially applicable to 
beams. In this system the reinforcement consists of alternate straight 
and bent bars placed parallel to each other longitudinally. The straight 








Fig. 70. 
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bars are located near the bottom of the beam along the whole length and 
are secured in ihe ctiucrete above by flatiron verticl© stirrups. The ends 
of the stirrup bars are turned over to fix them in the concrete. The 
bent bars are placed in the same horizontal plane as the straight bars in 
the middle of the span but towards the ends they are bent upwards to 
resist the diagonal tension due to shear near the supports or, in fixed 
beams, to meet the tension on the upper part of the beam between the 
points of fixation and the points of eon t ra-flexture. See Fig. 67. 

The verticle stirrups are forme d of flab steel of any required thick¬ 
ness and width, usually to thick and to IJ" wide. 

The Coignet system is similar in some respects to the Hennibique 
but there are no verticle flat bar stirrups. The reinforcement consists 
of a number of round bars of small diameter grouped in fives, sevens or 
nines which, owing to their larger surface for the same sectional area, 
produce greater adhesion to the concrete than the fewer bars of larger 
diameter in the Hennibique system. The shear is met by the bent bars 
and a series of wire ties, which bind the lower tensional reinforcement 
to the upper part of the beam. To keep all the bars in place during 
concreting, and to enable the steel bars to be formed into a rigid frame 
reinforcing bars of small diameter are introduced into the compression 
-flange. See Fig. 68 

In both the Hennibique and Coignet systems the reinforcements are 
made of ordinary smooth steel bars and no specially rolled or forged bar 
are required. 

The Kahn trussed bar is shown in Fig. 69. It has wings which 
are turned up at any desired angle and form a part of the bar itself. It 
is employed in beams in much the same way as the round bars in the 
Hennibique system, the only difference being that the shear members are 
in this case rigidly attached to the main bar. The wings not only provide 
resistance against diagonal tension due to shear, but being a part of the 
main bar, exercise a very great resistance to the bar being pulled through 
the concrete, and furnish a mechanical bond, in addition to producing 
frictional resistance, between the bars and the concrete. This system has 
the further advantage that at the centre, where shear is a minimum, the 
wings are not turned up, and the metal of which they are formed increases 
«the section of the main reinforcing bars where the tension due to bend¬ 
ing moment is a maximum and the greatest section of steel is required. 

The Indented Bar system only differs from the others in the peculiar 
ehapa of the bars used. See Fig. 70. The chief obj -ct of introduction this 
ehape of bar is to ensure a thoroughly good bond between the conorete 
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and the steel. When used in beams the ends of some of the bars are 
turned up as in other systems, near the support, to resist diagonal ten* 
sion due to shear. 

Monier reinforcement consists of a netting of rods with rectangular 
meshes. The two sets of intersecting rods are called “ carrying rods** 
and “ distributing^’ rods, respectively. The carrying rods are the larger 
of the two and take most of the tensile strain, the smaller distributing 
rods serving to distribute the loads evenly over the carrying rods. The 
spacing of the rods varies with the load to be carried and may be any¬ 
thing from 2 to 10 inches. The two sets of rods are wired together at 
every third or fourth intersection. This system has been used largely 
for reinforcement of arches of fairly large span in Europe, principally in 
Germany and Austria. It is also useful for slab reinforcement. The 
network of rods and wires is usually embedded in a mortar composed of 
1 Portland cement to 4 of sand, and not in what is generally known as 
concrete. See paragraph 144. 


Fig. 71 



Section of Sheet 
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Expanded metal is sometimes used to reinforce slabs of bridge floors 
on the tension side. It is made from steel plates by piercing them with 
parallelled rows of slits and then expanding, or stretching open, the 
gashes until the metal assumes the form shown in Fig, 71. Sheets of 
expanded metal are very convenient for use in slabs instead of Monier 
netting, as they can be laid in position at once, and this obviates the lab* 
our of making a network in situ, but their use is restricted to positions 
where the depth is not great as their sectional area is usually small. 

131, As regards the use of bars of peculiar shape to secure a better 
bond between the concrete and the metal reinforcement, and thus to pre¬ 
vent the slipping of the latter in the former when under strain, it should 
by noted that many Engineers of wide experience are of the opinioo that 
the bond with ordinary smooth bars, if these are properly placed and 
have their end split or hooked, is good enough for all praotiical purposes, 
and there is therefore no necessity to use special devices for improving 
the bond in ordinary cases ; but if in any particular case there appears 
to be a likelihood of the bond being weakened by moisture or any other 
cause, it would be prudent to use one or other of the patent bars of 
special form which render the slipping of the rods through the concrete 
practically impossible, even though the adhesion is considerably reduced. 
In some adhesion tests recently made with “ Indented bars in cement 
concrete 1, 2, 4, it was found that these bars, when pulled through 8 
inches of concrete, stood a tension of 1,600 lb. per square inch of surface. 
Ordinary round burs tested at the same time with the same concrete 
failed by slipping at something over 800 lb. per square inch. The allow¬ 
ance usually made in calculations for adhesion of concrete to metal is 
100 lb. per square inch which gives a large factor of safety. 

132. Some Engineer hesitate to use reinforced concrete because 
they fear the armouring will be destroyed by rust or chemical action, and 
as this material has not been in use very long it is said that it has not 
yet stood the test of time to justify its use. As to this, experience has 
shown that a coat of cement wash is one of the best preservatives of steel 
and it has recently been founc^jbhat clean steel, which had been embedded 
in concrete for more than 13 years, showed no sign of rust. When taken 
out and examined it was found not only free from the action of rust but 
still blue. This shows that if iron or steel is effectually covered with 
Portland cement mortar or concrete, and kept free from moisture, it will 
not corrode for an indefinite period. To preclude all possibility of 
moisture penetrating through the concrete and reaching the reiaforcemen 
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it is very necessary that the ooacrete us^d for the purpose should be of 
a superior kind and laid with ^reat care. 

133. The fear of disintegration due to shocks or vibration has deter* 
red some engineers from using steel concrete in railway and road bridges 
but experience has so f{ir shown that there is no tendency in properly 
designed reinforced concrete structures to disintegrate under vibration, 
even when used for railway bridges of f lirly large span. It is, however, 
advisable in the case of railway bridges to use specially long rails, with¬ 
out joints, over the spans, and in all bridges to provide a substantial 
cushion of sand or some other similar medium under the pavement or 
permanent way, to minimisa the dynamic ejBFects as far as pos8il)le. 

Materials used and Methods of their Preparation 

134. Metal reinforcement —Mild steel is the most suitable metal 
for bridge work. It should have an ultimate tensile strength of not less 
than 60,000 lb. per square inch. Its elastic limit or yield point should 
not be leas than 32,500 lb. per square inoh. Its elongation under break¬ 
ing strain should not be less than 22 percent, measured on a gauge length 
of 8 diameters. When bent cold, a bar should bead 180®, to a diameter 
of the thickness of the piece tested, without tearing the outside fibresv 
The reinforcing bars should be unwelded and in lengths as long as it is 
possible to get them. To make joints, the bars should be placed over¬ 
lapping about 28 diameters and bound together with fine wire. The 
joints should occur where the stress is at its lowest. 

Steel used for reinforced C3ncrete should not be galvanised, oiled, 
painted, or covered with loose rust. If it is desired to protect the steel 
during storage it should be given a coat of CMuent wash. 

Ordinary slight bending of s»iiall bars may ha done cold, but all sharp 
bends and bends in bars of large diameter should be done in a forge 
Small bars up to V diameter are more suitable than larger bars, as 
they have a greater perimeter for the same sectional area than a fewer 
number of larger bars. 

135. Cement —Only the best cement shoul 1 be used and it should 
be Portland cement complying with the specification adopted by the 
British Standards Committee; the specification is not given here as it is 
to be found in the Manual on Building Materials. The slow setting 
quality should be generally used. Every consignment received on the 
Works should be tested. Samples for testing should be taken from one 
of every thirty or forty bags or barrels. On arrival at the works, the 
cement should be carefully stored and labelled, and, if it has been stored 
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for a Considerable time, fresh tests should be made immediately before 
life, as Cement varies with age; it generally improves if kept 
dry, but in warm, damp climates it is apt to deteriorate. The test pieces 
should be either 4 inch cubes or 6 inch cylinders six inches long. The 
compressive strength after 28 days should be at lesst 1,S00 lb. per 
square inch and after 90 days 2,400 lb. 

136. Sand —The sand should be hard, clean, coarse and sharp and 
the grains should preferably he of varying size. Uuless the size varies 
somewhat there will probably be voids in the mortar and it will not be 
absolutely solid. Tests should be made with different samples of sand, 
to see which gives the best mortar, as sand is a very variable material 
and it is sometimes found that sand one would be disposed to reject on 
theoretical grounds is practically very good for the purpose for which it 
is required. Washing the sand does not always improve it, as the finer 
particles washed away are often useful in improving the oorapactness 
and solidity of the mortar. As to the size of grains it is recommended 
that at leMSt 75 per cent, should pass through J inch mesb and any 
over diameter should be screened out. 

137. The aggregate may be of stone or very hard broken brick 
(over-hurnt if available). If broken brick or burnt clay is used,^ 
careful tests should be made to ascertain the strength of the concrete 
before applying the ordinary formulae which are usually based on 
concretes of hard stone aggregate. The size of aggregate used will 
depend to some extent on the size of the members for which it is re¬ 
quired, but for ordinary beams and arche**, the maximum allowable size 
is inch. The whole of the aggregate should not bo of the same size 
but graded from upwards to minimize voids and to obtain a thoroughly 
compact concrete. 

138. The quality of water to be used in mixing depends on the 
temperature, the condition and the kind of materials, and the state of 
the weather. There should be sufficient to ensure the complete crystal¬ 
lization of the cement, but not so much as to convert the concrete into 
a slush which it is impossible to ram properly. In India the concrete 
should be prepared so wet that it will settle into its place, when laid, 
with slight tamping and Will not need heavy ramming, 

139. The proportions of cement, sand and aggregate generally 
adopted for beams and arches are 1 cement, 2 sand and 4 aggregate. 

140. The concrete should in all cases be mixed in small batches and 
incorrect proportions, and laid without delay while it is freah. A mixing 
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xnacbioe should always be employed wheo its cost is justified by the 
importanoe and magnitude of the work. When the materials are mixed 
by hand, they should be turned over and thoroughly mixed on a clean 
platform nntilj the colour of the cement spreads uniformly over the 
whole mass. The object aimed at should be to coat each grain of sand 
with cement, and each piece of aggregate with mortar thus produced. 

141. In laying the concrete, the thickness to bo punned in one 
operation should not exceed 3 inches, especially near the reinforcing 
bars, and special care should bo taken to ensure close contact between 
the metal reinforcement and the concrete. Each section should be com¬ 
pleted in one operation as far as possible; but when this is impracticable 
and new work has to be added to old, the latter should be wetted, and 
where it has hardened it should be chipped off, cleaned and covered with 
a layer of cement mortar before the fresh concrete is laid on. Work should 
not be carried’on when the temperature is at or near freezing point, and 
all shaking or jarring should be avoided till the centering is struck. 

Forms of bridges for which reinforced concrete is used 

142. Having dealt with the different systems of reinforcement and 
ihe materials of which the reinforced concrete used for bridges is com¬ 
posed, we will now consider the different forms of bridges for which 
this material is suitable. 

The simplest form is the slab bridge. This is limited in its appli¬ 
cation to small spans and for such unimportant structures as foot 
bridges and culverts, or for floors of large bridges between spandrels or 
arch ribs. In some cases, where headway was very limited, it has been 
fused up to spans of 20 feet, but this is very exceptional. As a julo, 
single slabs are only used for spans lip to 6 or 8 feet, beyond which the 
usual conetruction is a monolith consisting of a slab with stiffening ribs 
or girders oa the under side. This ribbed constructiou is applied to spans 
up to 50 feet in length, and is particularly suitable for narrow foot 
bridges, or road bridges across railway lines, canals, or small streams, 
where headway is restricted. For longer spans than 60 feet, arch con¬ 
struction is invariably employed, and it is in arch bridges of large span 
that we find some of the best examples of the application of reinforced 
concrete. The arch bridge of this material occupies a position between 
the masonry arch and the iron or steel bridges. It possesses in a large 
measure the qualities of lightness characteristic of the steel bridge, while 
having much of the massive beauty and dur^ibility of the masonry arch.* 

llodel*room°* reinforoad ooaceets arch bridges will bd found Jn |he College 
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lb has been chiefly used for important bridges across main streets in 
large towns or for carrying roadways in parks. 

143. In India, the use of reinforced concrete for bridges will be 
limited to a great extent by the comparatively high cost in this country 
of the materials of which it is composed, especially the Portland cement. 
In most cases it will be found that masonry or plain concrete or iron 
structures are much less’'* expensive, but cases may arise occasionally in 
which reinforced concrete may prove to be the most suitable material to 
use bo meet peculiar conditions, as, for instance, in \)ri(lges on important 
streets for which a light suparstructure, is required owing to soft or 
doubtful foundations, but at the same time one of massive appearance 
'and elegant design to harmonise with its surroundings. An instance of 
this kind is the Goomtee bridge recently built at Lucknow opposite the 
Medical College, of which a photograph may be seen in Plate IX, and of 
which a brief description is given in paragraph 170. It is possible, too, 
that on hill roads this material may be used occasionally with advantage 
for narrow foot bridges cf large span over gorges, for which an iron 
bridge would be more expensive to construct and more difficult to 
raaintaiu 


Slab Bridges 

144. The system of reinforcement of the plain slab is just the same 
in principle as that of plain rectangular beams described further on 
except that in bridges where heavy concentrated loads have to be pro¬ 
vided for, distribution rods, i,e. rods crossing the main tension bars at 
right angles, are necessary to resist temperature stresses and to aid in 
distributing these concentrated loads over a wider area of slab than 
that immediately under the load. The depth of slab required to resist 
a certain bending monoeut with a certain percentage of steel, is calculat¬ 
ed in the same way as that of a beam or girder, taking a width of 1 
foot for the purposes of the calculation. The main principles on which 
such calculations are based have been explained in the paragraphs on 
beams and girders. Diagrams and tables will be found in most of the 
books recently published on the subject.from which the depth of the 
slab and proportion of reinforcement for different Bending Moments can 
be ascertained at once without making any calculations, March and 
Dunn’s “Manual on Reinforced Concrete” may be mentioned as a 
useful book of reference for this purpose. 

The Monier and Expanded Metal styles of reinforcement are very 
suitable for slabs, set paragraph 130. In the Monier system, the 


» Ss0 Government of India Technical Paper No. 13 of 
Teats ol CoDocete and Reinforced Concrete Arches, by* H. F, 
Engineer, Public Works Department, Bombay). 


May, 1909 (a Report on 
Peale, iSuperintending 
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mesh is gonerally m ide aboufc 6 or H times tho flianaeber of the larger 
rods which take the longitiidiral strain. The cross rods are from ^ to f 
the diameter of the larg ) ones. The following table of Monier slabs, ^ 
supported, carrying cwt. per foot suporBcial, in addition to their own 
weight, reinforcfjd with mild steel, will be found useful. 


Span 

1 

De pth 

Nomber of 
roda to the* 
feet 

Diameter of 
Longitudi¬ 
nal rods 

Diameter of 
' Cross rods 

Kemavka 

Feet 

loobeg 


Inches 

Inches 


4 


4 

5/16 

5/32 1 


5 

3 

4 

11/82 

0/32 1 

Stone concrete. Bein- 

C 

4 

4 

I3fm 

7/32 

foroemeut ^ in 

7 

1 

4 

7/16 

7/16 1 

above lower side. 

8 


4 

7/16 

7/16 J 


9 

1 6 

4 

i 

i 



If it is decided to use expanded metal reinforcement, the Engineer 
should obtain their latest caalogue from tho Expanded Metal Company, 
York Mansions, York Street,'Westminister, London, S. W., in which he 
will find tables from which he can ascertain the required thickness of 
slab and special reinforcing material without any calcuUitions. 

145. In taking dimensions from tables it is necessary to see what 
form of concrete has been assumed for calculation purposes as stone con¬ 
crete is 50 per cent, stronger than that made of broken brick, and it is 
also important to ascertain what covering is given below the reinforcing 
material for adhesion. The covering should be J inch at least. The 
working stresses assumed for the concrete and reinforcement should also 
be known, to eiable the Eugiueer to check the general correctness of the 
tables and see how far they arc suited for his purposes. 

146. If slabs are fixed or continuous, the uppor side of the slab over 
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the supports will be iu tension for about a quarter of the span'and rein* 
forcement must be provided where tension occurs as shown in figures 
72 and 73. 

147. Floor^labs do not usually require special reinforcement against 

. Fig. 73 




1 





shearing; the bending up of alternate bars near the ends is sufficient. 

148. When a slab forms a part of a T beam and is monolithic with 
the rib it should first be designed with its own reinforcing bars transvers> 
to the rib and for purpose of calculation it is necessary to consider thi 

^slab, apart from the rib, as a separate and integral part of the struotur 

Girder Bridges 

149. These usually consist of a fiat slab stiffened by and in one piece 
with longitudinal ribs or girders placed to feet apart. 

This platform may be carried on masonry abuiments or on abutments 
of reinforced concrete. The beams are made on the same principle as 
slabs but as beams are of considerable depth as compared with slabs their 
shearing strains have to be provided for by vertical stirrups or bent bars. 
The systems of reinforcements for beams are numerous as explained 
in paragraph 130 above. The Henuibique system is the one usually 
adopted for spans up to 50 feet. Fig. 74 shows a cross section of a foot 
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bridge which would be suitable for a width of 6 to 8 feet, while Fig, 76 ie 
a half sectido of a more important bridge,^ 20' to 30' wide, in which tha 
roadway is carried on several ribs or girders. 

0 

Fig 75. 



150. The loads on slabs and girders of roads and railway bridges will 
be taken to be generally those given in Chapters V and VII for arch and 
iron bridges, bat whatever live loads be adopted it is necessary to consider 
the most unfavourable disposition of the load transversely as well as 
longitudinally and its resulting action on a floor or beam. The methods 
of calculation of rolling loads are the same in reinforced concrete as in 
other bridges but the effect of a wheel load on a thin slab of concrete 
required special consideration. On an ordinary rough road surface it is 
assumed that a heavy wheel will have a bearing of 4" at right angles to 
the axle, that the load will be distributed uniformly over the upper 
surface of the slab through the roadway, and that the angle of dispersion 
of the load through the depth of the roadway will be 45® in all directions. 

Take for example, the 
wheel of a traction engine 
18" wide carrying a load of 5 
tons, including its own 

T- weight, on a macadam filling 

I_—, 9" deep on the concrete slab. 

_This load would be distri- . 

buted over a length of the 
r>g. 77. slab = 4" + (2x9") = 1'- 

10" and over a width of 
+ (2X 9"") = 3'-0" so that 
the slab would be calculated 
for a strip 3" wide with a 
load of 5 tons distributed uni^ 
formly over a length of 1 '- 
10". See Figs. 76, 77. If 
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the bridge is a railway one^ it may be assumed that the sleepers and 
road bed distribute each wheel load over an area measured by the width 
of a sleeper plus twice the thickness of road bed in one direction and 
by the length of a sleeper plus the same dimension in the other. The 
position of wheels producing the highest maximum bending moment 
should be considered in each case. 

161. In order to increase the strength of a girder and reduce its cost^ 
it is a comnion practice iu reinforced concrete work io make the girder 
continuous or to fix its ends by extending the top reinforcements down-^ 
wards into the body of the abutments. 

152, If the ends of a girder are fixed it will be necessary to allow 
for the stresses produced by changes of temperature in addition to those 
due to the weight of the structure and its load. The daily range of 
temperature is of no consequence, as it takes time for a mass of concrete 
covered by filling or partially protected in some other way to bo 
affected throughout, but the seasonal variations must be taken into 
account. If a range of 60® Farenheit is assumed, the change above and 
below the normal would be half this or 30®. The strain produced in 
concrete by a change of 30® would be 30 X *000006 = 00018" and the 
resultant stress would be *00018x2,000,000 lb. per square inch=360 lb. 
per square inch. The strain in the steel would be about the same and the 
resulting stress in the steel would be *00018 X 30,000,000 lb. per square 
inchz=5,400 lb. per square inon. In these calculations, the co-eflficient 
of expansion of both concrete and steel has been taken to be *000006, the 
modulus of elasticity of concrete to be 2,000,000 and that of steel 
30,000,000. Both the compressive and tensile stresses due to contraction 
and elongation by changes below and above the normal should be com¬ 
bined separately with the same stresses duo to transverse strain in order 
to arrive at maximum results for compression and tension in both the 
coneretd and the steel. 

153. The continuous girder is rarely employed in steel bridges but it 
is commonly used in reinforced concrete. The mathematical calculations 
of strains and stresses of continuous girders under varying working 
conditions are very long and involved. There are tables in text-books 
for continuous girder calculations where the spans are equal and the 
loading uniform, but in bridges the rolling loads which giVe the maiiimum 
strains are concentrated at certain points and not uniformly distributed, 
so these tables are not of much use, but graphic methods are.fortunately 
available which are not much more complicated than those used for free 
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supported spans. These will be found in Church’s '^Meubanioa of Ed- 
giueoring*’ and Du Bois’ ’’Graphic Scabies”. Diagrams should be pre¬ 
pared in each case of the maximum bending moments produced by the 
dead load and the different possible arrangements of the live load. By 
combining these, the curves of maximum positive and maximum nega¬ 
tive moments can be constructed, and from these it will be possible to 
design the reinforcement necessary to resist the tensil stresst 

154. When continuous beams are of T section, the concrete in the 
flange or head resists the compressive strain at the centre of the span; but 
at the supports, while the beam is still of the same section, the moments 
are negative and the flange is on the tension side. The resistance of the 
concrete to tension cannot be taken into account), so that the section here 
may be considered to be rectangular of the width of the web part, There 
is thus insufficient concrete for the compressive resistance required at 
the supports, and it is necessary to make the beam deeper this point 
and to introduce compression steel in the lower rods. See Fig 78. Hein- 
forcement is also necessary on the upper side over the supports to take 
the tensile stress. The T beam, in other words, must be treated here 
as a doubly reinforced beam of rectangular section. 

155. As already noted, deep beams or girders are liable to fail from 
the effects of shearing stresses, and it is necessary to introduce vertical 
flat iron stirrups or diagonil beat bars in the reinforoernent to resist 
these stresses, The action of the shear reinforcement in steel concrete 
beams will perhaps be understood more readily if we compare it with 
the action of vertical and diagonal members of an open braced steel 
girder. The tensile stresses are taken by the vertical ties and the 
diagonals sloping towards the point of maximum flexure, while the com¬ 
pressive stresses, which are taken in the case of open girders by struts 
sloping towards the supports, are met in armoured concrete beams by the 
concrete itself. Looked at in this way, it will be obvious that diagonal 
ties should be rigidly attached to tension bars if they do not form part of 
them, as they have a tendency to slip, and in any method of shear rein- 
foroement whether vertical, diagonal, or both, it is important to bond the 
ties thoroughly into the tension and compression flanges of the beam, 
With this object in view vertical stirrups are always hooked over the main 
reiuforoing bars at one end and turned over at the other to give a good 
grip on the ooncrete« Where compression reinforcement is employed, the 
stirrups should be hooked over the compression bar as well as the tension. 
With diagonal reioforoement, the shear members are provided by 
bending up some of the main longitudinal bars towards the ends where the 
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reduced beading moment requires a smaller section of tension reinforce¬ 
ment}. In such cases it is a good plan to bend the rod again horizontally 
for a short distance at the end to give a good key and prevent the bent 
rod from slipping in the concrete. The ends mAy also be split or hooked 
slightly. In fixed or continuous beams the upper horizoutal portion, 
will, if required, form tension reinforcement for the part of the beam 
subjected to hogging, but this arrangement may sometimes be found 
inconvenient in double reinforcement when it will be sufficient to hook 
the upper end of the diagonal over one of the compression bars. 

156. The usual depth of -p beams from the top of the table to the 

centre of the lower reinforcement is ^ ®f f^he span, for, between 

these limits, it is found that the chances of the beam failing from 
shearing or bending are about even, 

157. In arranging the bars of a reinforcement in a section, it is 
important to see that there is sufficient room between the bars or groups 
of bars to allow the concrete to be easily rammed into place and also to 
give sufficient concrete to ensure the adhesion of the steel to the concrete 
and thus prevent failure by horizontal shear. Bars should not be spaced 
less than 1^' diameter apart or closer than 1^' diameter to the sides of 
the beam. This applies to ordinary sections where the aggregate is 
broken to pass through a f" ring. If the bars cannot be got into the 
section in one horizontal row, they may be placed in two rows and there 
should be vertical spacing between the rows when large bars are used. 
When a group of many small bars is used, vertical ^pacing may not be 
possible for practical reasons. 

158. As it is difficult to understand reinforced concrete construction 
without a knowledge of the different stresses which such structures must 
be designed to meet, the author has given in Appendix C, for conve* 
nient reference, an explanation of the formulae in common use for 
strength of slabs and girders on which all calculations of such stresses 
are based. He has only taken up the simple cases of rectangular and 
-p beams under uoiform distributed load, 

159. The methods of calculating moments of resistance will remain 
the same in all oases for each particular form of section but the bending 
moments vary for different positions of moviug loads and must be con¬ 
sidered in detail, especially for large spans and railway bridges. The 
former are peculiar lo reinforced concrete beams but the latter are taken 
out by the ordinary methods applicable to all beams under transverse 
strains and will not be further referred to bpre. If the dead load is large 
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M compared with the moviog load, it may be permissible in some oases 
to treat the latter, as ia the ease of arch and steel bridges, by addiog its 
equivalent to the dead load and assuming that the combined load is 
uniformly distributed over the whole span. 

Arched Bridges 

160, Masonry, brickwork and concrete arches being weak in tension 
have to be designed so that the line of resistance in them falls approxi¬ 
mately witbin the middle third of the section, If steel reinforcement 
is iutroduced to take tensile stresses the risk of failure by tension is 
obviated and the thickness of the ring can be materially reduced as it 
is no longer necessary to cou6ne the line of resistance w’lthin the middle 
third of the ring and it is possible to allow higher stresses in reinforced 
than in plain concrete owing to the former being a more reliable 
material. 

161, For permanent steady loads one reinforcement only is sufficient 
as in Fig. 79 and this infixed arches should be carn<rd well into the 
abutment. But, as, under unequal loading, arches may fail through 
tension at th-» eArados near the springing, a double reinforcement should 
be provided to meet it. The apper reinforooment is sometimes provid¬ 
ed near the springing only as in Fig. 80 but as the actual point of 
rupture mav vary, it is desirable to carry the armature over the wnole 
arch as in Figs, 81, 82. 

162, In addition, stirrups are introduced in large arches to tie the 
reinforcements together and resist any tendency to shear. By distribut" 
ing the stresses, these stirrups moreover help the main reinforcing mem¬ 
bers to resist the deformation to which as curved bars, they are liable 
under longitudinal strain. Without such support there is obviously a 
tendency in these bars to straighten out under tension and to buckle 
unier oompreasi^jn Three examples are given below showing how the 
shearing reinforcement may be provided ; Fig. 83 shows the Melan 
system. Fig. 84 the Hennibique, and Fig, 8f) the Kahn bar. 

163. The abutments of reinforced concrete arches mu^t be designed 
strong enough to take the thrust at the springing and in Europe and 
America they are often designed suitably in reinfcrced concrete. They 
may however be of masonry or brickwork and in India this form of 
coDStruotiOQ will probably be found to be. more economical in most 
cases* 
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Bridge over the Ooomtee River at Lucknow 
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164. In large arches the weight of the saperstruoture is consider* 
ably redaced by omitting the thick spandrel walls or filling which usual* 
ly support the roadway in ordinary masonry bridges and substituting 
either thin transverse walls or light reinforced columns resting directly 
on the arch ring. The roadway in sQch cases is carried on a series of 
minor arches spanning the distance between the walls or columns or on a 
slab floor resting on them. This arrangement lends itself well to artistic 
treatment and produces a pleasing architectural effect. See Plate IX. 

165. Owing to the lightness of a reinforced concrete arch and its 
superstructure, mmh larger spans are possible in this material than in 
masonry brickwork or concrete. With increasing experience, the spans 
of armoured concrete arches are gradually becoming greater. The largest 
yet completed is that of the Qraftou Arch in Auckland, 350 feet, 

166. The disposition of the reinforcement is more varied in arches 
than in other works of this material. Several systems have already 
been referred to above. The three systems most commonly employed 
in the large spans erected so far in Europe and America ate the Monier, 
the Hennibique and the Melan all of whioh have been already explained, 

167. There are two other systems not yet referred to which are 
getting common and deserve special mention—the Oonsidere and the 
Ribbed Ring, 

168. Considere system— As anarch has to be treated chiefly as 
a pillar under direct compression in considering the stresses to which it is 
subject, it is obvious that the means adopted for strengthening aud stiff¬ 
ening pillars are also applicable to arch rings. The strength of a pillar 
is increased considerably by longitudinal and lateral reinforcement and 
experience has shown that lateral reinforcement is the more effective of 
the two weight for weight. The most efficient form of lateral reinforce¬ 
ment at present known is the spiral or helix whioh winds round the 
section in series without actually eucircling it. This system of reinforce¬ 
ment is called the Considere after the eminent French Engineer who 
first used it. Figa^ 86, 87 show how it is applied to arch rings. 

169. Ribbed rings— Many important bridges of large span have 
recently been built by constructing the arch in several ribs connected 
together and stiffened laterally by narrow reinforced concrete stiSeners 
between the ribs where the columns or thin transverse walls come. This 
method of construction is very economical and in some cases is said to 
have saved 25 to 30 per cent, of the cost of .the ring. The consequent 
reduction in weight is a further advantage and tends to reduce the cost 
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of this abotments and load on foundations By giving the ribs a radial 
depth somewhat greater than would be used for a ring of the full width 
of the bridge^ a more economical distribution of material results for 
strength and stiffness. The Qoomtee bridge, of which a photograph 
may be seen in Plate IX, is built in this way, 

170. The span of this bridge is 75 feet and the rise of the arches 20 
feet. There are seven ribs 4 feet apart and 2 feet wide with a depth of 
2' 6" at the crown and 5' 0" at the springing. See Fig. 88. The 
roadway is 34 feet wide between parapets. 

There are four cross-stiffeners between the ribs opposite each line of 
pillars. These are the full depth of the rib find nine inches thick, 5' 6" 
apart centre to centre. The pillars are 18* square of reinforced brick* 
work; their vertical reinforcing bars (I*) are carried down through the 
depth of the ribs. The pillars are spanned across the bridge by 7" steel 
joists and 9' jack arches are turned on the joists. The reinforcements 
consist of four square mild steel bars both on the eztrados and the 
intrados spaced six inches apart centre to centre and about 2* from 
the upper and lower surface. The shear reinforcement consists of four 
radial rods connected to the corresponding upper and lower main 
reinforcing rods by means of 16 gauge soft iron wire and also to cross 
bars top and bottom passing across the latter and booked round at 
the ends as shown in Fig. 89 to keep them in poeitiou. The shear bars 


• Fig 89" 
CROSS SECTION 
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AT CffOWN SHOWING 
SHEAR BARS. 

































BEINFOBOBD CfONCBETE BBIDQES 


107 


are placed 2' apart along the length of the arch. The ends of the main 
reinforcing rods were secured to the masonry of the skewbacks, abut¬ 
ments and piers as shown in Figs. 90, 91. 




171. Several narrow reinforced concrete bridges for local roads 
have recently been built in the Terai of even greater span than the 
Goomtee bridge. The Baror and Baur bridges have 80' spans, the 
Dabka bridge 120' and the Baigul bridge 200 feet. These will be found 
fully described in paper no. 16, read in 1913 at the Simla Engineers* 
Conference by Mr. W. L, St4mpe, Executive Engineer, who built them. 
A few leading details are given below for convenient reference: 

80' Spans—Bise 16'. Width of ribs 15^. Depth at crown 2' 0% at springing 3' 
5% clear distance apart 4 ' 0*. Ifomber of ribs 8. Width of roadway 10'* 
Beinforoement three bars x li' sqaate mild steel, lop ani bottom. 
Yertioal pillars 18' X 15' reinforced by four bars carried through ribs 
and covering girders, transverse stiffening ribs 6' thick, one at abutments, 
one at each pillar near abutments 4'6' apart, and one at orown, rein* 
forced by two bars below and two above. Roadway girders 16' wide, 9^ 
deep, one over each row of pillars, reinforoed by *tbree bars below and 
three above, monolithio with the floor slab wbioh is 4' ibiok reinforoed bj 
*bars 9' apart laid trans v ersely on the lower side with 8 feet continuity 
bars diameter 9'^ apart on the nppet side over supports. Roadway of 
stone metal 9'thick. Live load on aroh ring 150 lb. per square loot, con* 


*Sei note on cross-seotion as to these dimensions. 
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oentratad local load on road platform 260 lb. per iqnare loot. Extreme 
temperature range 60° (80*’ abore normal and 80^ below). Atohea fixed at 
abutments: 

120' Spans— Rise 24'. width of ribs 16'. Depth at orown 2' 6' at springing 4' 
6*. Reinforcement three mild steel bare top and bottom at the orown and 
four similar btirs at the springiag for a length of 20 feet. All other details 
exactly the same as those for the 80' span. 

The reasons given for oonstruobiag light reinforced concrete bridges 
in this district in place of masonry or steel are as follows: 

‘‘Owing to the unstable nature of the subsoil, many of the old 
masonry bridges hive craokei owing to 33btlem3Qt of fonulaiions and 
the steel bridges have given much trouble both ou aocoiiut of the diffi¬ 
culty of eractiou and thi nacessiby for frequent paiubing bo preserve 
the steelwork 

As a large number of bridges had to be renewed in the district at 
the same time, great economy was eSeobed by standardising the 
designs and making the same set of contering and falsework do for 
many bridges. The 80' spans were erectel at a cost of 100 rupees 
per foot run, inclnding new foundations^ and the 120' spans at 110 
rupees per foot run. 

Cross and longitudiual seobious are given in Figs. 92, 93 to show 
the arch construction of au SO-feet span. The points to be noticed in 
the designs are: (1) the use of a few bars of somewhat large section 
instead of a larger number of small rods. Smill bars up to 1* 
diameter are preferred by rntny Eigiueers for reinforced ooncceta 
work, as they distributi the streis more uniformly through the cooorete 
and there is a larger surface of adhesion par square iuoh of section ; 
but, ou the other hand, the labaur of placing and fixing a large num¬ 
ber of rods increases with the number used and it was probably this 
consideration that induencod the Engineer in deciding to use the "large 
sections; {2) the absence of stirrups or radial steel reinforcements. 
The shearing stress being small, the concrete has been relied ou to 
take it but with reference tp this see paragraph 162. Here again the 
desire to avoid oomplioatioas in the work as far as possible has pro¬ 
bably induced the Engineer to omit all radial reinforcements ; (3) the 
use I of unhiuged arches in a pjsition where the nature of the sub-soil 
is said to be unsoable, see paragraph 172. The foundaoioas have no 
doubt been secured and the Engineer hts satisfied himself that there 
is no likelihood of any future settlement. 

172. Hinged Arch3 a-* It is a common practice on the Oobtinent 
to use arcnes with two or three hinges or articulations. These arches 
have toe drawback of bei ig less rigid and therefore more liable to 
vibration from rolling loads, but^ on the other hand, they have the 
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advantage'of the greater aocuraey v^itb ^T^bijoh their stresses can be 
determined and of being safer when there is any possibility of settle- 
njeni of foundations. With arches having no hinges, any slight yield¬ 
ing of the abatments has a very serious effect ou the stresses. With 
three hinges the stresses in an arch can be determined without 
recourse to the very con plicated elastic theory which involves much 
labour in calculations. In spite of the advantages of the hinged arch 
mentioned above, many English and American Engineers prefer to 
spend a little mope on the foundations to make them secure and avoid 
the complication of binges. 

The hinges used in bridges may be of granite or some other very 
hard stone, or of steel. When of stone, one of the two btones forming 
the binge is made circular and convex and the other circular and 
concave with a slightly larger radios to receive it. When of steel, they 
consist of cast steel bed-plates and hinge pins. 


SIM10 htnff* ' 



173. A method of forming hinge joints peculiar to reinforced con* 
Crete arches is that of semi-articulations. By this method, the sections 
of the arch are so reduced at the hinge points that the line of stress 
is compelled to pass through very small and well defined eections. The 
line of pressure is thus exactly located. In a true hinge joint there 
may be considerable friction preventing roiatior, but in these joints 
the resistance to rotation is assumed to be so small as to be negligible. 
The section of concrete leing ^-reety reducen at the hinge points, 
additioual rods have to be introduced into the concrete, and grouped 
together so as to pass through this small section. At the section, there 
is great resistance to compression but very little to bending. Ftg, 
94) is a sketch of the serai-articulation used in a OO-feet arch over the 
canal St. Martin in Paris, recently built ou pre-existing abutments, the 
absolute rigidity of which against settlement was doubtful. The arch 
was tested after erection and the results of the test are recorded in 
the “Annales des Foots et Chaussees, 1907, Vol. II, page 180. 


Fi^94. 
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-174. Oalcolations of Arch Rings—Experiments which were made 
Ouder the direction of the Austrian Society of Architects and Engi* 
Heeps on fulUsised arches, have shown conclusively that the theory of 
the elastic Arch, as it is called, may be applied with confidence to 
reinforced concrece arches. In these experiments it was found that 
the calonlated elastic deflections corresponded with the actual deflec¬ 
tion, This theory has been tuuch simplified of late year-^, and the • 
labour involved in its use has been greatly reduced. The analysis 
of the elastic arch without hinges ha=! been demonsHated very clearly 
by Professors Maurer and Turneaure in “ Principles of Reinforced 
Concrete and will also be found fully explained in “ l^eiuforced Con* 
Crete " by Marsh and Dunn, or in a book of the same title by Duel and 
Hill or in “ Extracts on Reinforced Concrete Design*' by Taylor and 
Thomson. Useful examples of calculations in full detail will be found 
in the printed estimate of the Goomtee bridge by Mr. A. C. Verrieres, 
C. I, E., Personal Assistant to the Chief Engineer, United Provinces, 
and in paper no. 16 read at the Simla Enginoers Conference in 1913, 
by Mr. W, L. Stampe, Executive Engineer, 

175, The elastic theory aflords an exact method of calculating the 
stresses in an arch of any form or style, and of constant or variable 
cross-sections, that is fixed at the skewbacks and continuous at the 
crown. It may also be applied to arches hinged at the ends only, for 
which the solution is very simple if the hinge friction is neglected. 
No attempt will be made in this Manual to explain this theory mathe¬ 
matically, as the student will no doubt take this up in his course of 
applied mechanics buv it may be briefly noted here that the method of 
calculation baaed on this theory consists in finding the true equilibrium 
polygon for any given arch and system of loading, and its true position 
in the arch ring. The conditions to bj fulfilled to obtain these results 
are (1) that the tangents to the neutral line of the ring at the spring¬ 
ing are fixed in directioni (2) there is no change in the span of the 
arch, and (3) that the vertical deflection of one springing line with 
respect to the other is nil. Equations are deduced from the above 
conditions which give the thrust, shear, and moment due to dead and 
live loads, as also the thruso and moment due to temperature varia¬ 
tions, and to rib shortening under pressure. When these stresses have 
been obtained and brought together, the arch is calculated as a column 
loaded ecoentrieally, and subject to compressive stress due to direct 
compression aud transverse strain. 

176. Though elaborate calculations of stresses In large arches subject 
to heavy moving loads of varying intensities would be out of place iu this 
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Manual, the author has given iu Appendix C, some simple culculations 
which may be applied to arches, the form of which is parabolic or a 
segment with a small rise and approximately parabolic, under a load 
uniformly distributed over the whole span, or over half the span on one 
side. These calculations are approximate and should only be used for 
small spans, or for roughly fixing the dimensions of a trial arch before 
making detailed calculations to see if it is of sufficient strength. 

Centerings and Falsework < 

177. Successful arch construction and its cost depend as much on 
the design of the centering and falsework as upon the design and con¬ 
struction of the abutments, piers and arch ring. 

The supports for the centres should be as unyielding as it is possible 
to make them. If piles are used, they should be as well driven as p6r* 
maoent foundation piles, and sills should only be used when the ground 
on which they rest is absolutely firm and unyielding. The construction 
of centers will not be further referred to here as they have already been 
dealt with in Chapter V on Arched Bridges of Masonry and in the 
Carpentry Manual. 

The mould frame or ‘^falsework**, as it is usually called is reinforced 
oonorete work, should be (1) rigid, (2) simple in construction and easily 
erected and removed, (3) so arianged that the surfaces will not deform 
the concrete by the expansion of the moulds when wet, (4) so designed 
that the frames can be used over and over again in different parts of the 
work, (5) so prepared that it will come away easily without damaging 
the concrete when it is removed. 

For moulds or falsework, the timber selected should not be too dry, 
as it is likely to swell irregularly when it becomes^wet by contact with 
the fresh concrete, but on no account should green timber bo used. All 
faces against which the concrete will be placed should be planed 
smooth, and be free from knob holes and other imperfections. 

To ensure rigidity in the falsework, the timber used should be of 
sufficient scantling, and its support and bracings should be carefully 
designed. It is better to use timber too thick than too thin for this 
purpose. The boards for floor slabs should be, as a rule, 1} inch thick, 
sides of beams 2 inches, and sills 2 to 3 inches. 

The timber should be so arranged that it can be easily dismantled 
and re*erected, and with this end in view bolts and clamps should be 
used rather than nails or spikes, and mortices, tongues and wedges 
should be freely used at joints. Deformation of the oonorete surfaces 
may be prevented in many way s. 



112 


OHAPTBB Vl 


(o) Mdtftl moulds or moulrta lined With metal may be asedf 
' (6) If timber moulds are used, the joints may be tongued and 

grooved, or the joints may be left slightly open and the ifiould 
lined internally with juco, oanvas, or oiled paper, 

(o) The boards may have splayed edges so that the splayed edge 
of one board can slide over the adjacent plank, if expansion 
occurs, without causing any appreciable deformation of the 
concrete face. 

To prevent the boards adhering to the concrete and damaging it 
■when removed, the timber surfaces which will be in contact with the 
concrete should be coated with soft soap or mineral oil. Fatty oils act 
on the concrete and should not be used for this purpose. The use of 
oiled paper, or paper and soft soap, as an inside liiiing, will prevent 
adberance and also cover gaping joints in the boards, if there are any. 

178, The side falsework is generally removed 4 to 5 days after the 
concrete has been laid. The support under the arches is removed after 
28 days as a rule, but for very large arches it may be left op another 
week or two. 


179, The design of falsework will of course vary greatly to suit the 
conditions in each case, and it is not possible to lay down hard and fast 
rules as to design, but witji the bints given above, the young Engineer 
should 6nd no difficulty in getting out a suitable and economical design 
lor his moulds. A visit to a bridge in course of construction will teach 
more than can be leafnt from volumes of instructions, and if such a visit 
is possible it should certainly be undertaken if a sound practical know* 
ledge of this part of the work is desired. The student who has mastered 
the main principles laid down above will soon grasp the reasons for the 
many designs and devices employed in this class of work. An extract 
from Mr. blampe’s paper referred to in para. 174 is given below, des¬ 
cribing the falsework used by him for the bridges be has recently built 
in the Terai: this should be useful to those who have not bad on oppor¬ 
tunity of visiting a reinforced concrete bridge under construction, 

Side shutteting oi IJ inck salnood planks slifiened at 4' intervals by 6'X2' 

battens has been found to be the most 
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efBcient form of sbutteiiug, bnt is expensHe.' 
If several bridges of the same span are to be 
bniltaewas recently the oaee in the Terai, 
it will be foond economical to employ ealwbod 
shuttering. For lodividnal bridges eambhal 
planks stlfiened alternately by salwood 
battens and k'.XS* angle irons have been 


ound eoonomioa I, 
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Toitiffon the boziogs and preserve the parallel alignment of the ribs 6'Xl' 

wooden stays are fixed at 3 feet In’ 
tervals ; transvfrsely over the ribs, acd 
^ _ f *t**^^^"* ^ • Jsfrevid to the tep of tfce e de sbotfer- 

1 -|-—---rtri'^ fresp bolts J inch diameter 

^serve tie dfuile furpete of support. 
Lc ^ing the reinforcement bars at tbeir 
correct ^ radical depths and of pre¬ 
venting ontward displacement of 
the BhuttcrlDg by the pressure of the 
J --—^-concrete. 



Eeadxfxg _ found perfcotlj 

SKETCH PLAN Of COLUMN BOXE*. ^asibl«;^ toj; " irtf tko reitfcrcEmeotB 

Icofely rto tie crcep-tclts in rider 
preserve their alignment during concreting, and to knock oat the bolt and grout np 
the cavity when the shuttering is dismantled. 

A double series of iron clamps, above and below the side Bhutteriug, Is 

also employed to prevent spreading^of the extremities of the planks. 

^ On the completion of the arch 
ribs the column conorete is poured 
jxBrukxfxr^x^purtplank In a scmi-liquid state into the verti- 

\_ - J I _1 n column boxes. These are usually 

^ made up of 1 inch or 1^ Inch sal 

^ planks bolted together as shown In 

% marginal sketch. The boxes 

^ J^ibs at their lower ends 

y and are supported by a series of cross. 

/ stays. 


1 BrMh in mttd pter$ plank 
PT 0>rdtr M plank 


SKETCH SHOWING GtROE« falsc. wo>^K Th6 ffllscwork fot the road 

ELEVAnoN girders and platform is erected after 

the oompletion of the concrete 
( columns. 

I Floor planh ♦' Floor poncreU 

^ girdetB ate 'usually carried bj brick 

■« I in mud pillars (1*5* X 0*8’ in 

® ® * section) built up from the arch rib 

sketch SECTION Of g'Roerano ^loor ; ou either side of tbe columns as 

FALSEWORK , , ... 

shown in the sketch. 

The platform conorete is supported by or 1}* transverse planks carried by a 
sal beading fixed to the side planks of the girdera. 
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1 Floor plank 

I*)'* V 
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sketch section Of G'ROER ANO ^ lOOR 
false work 
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IRON AND STEEL HRIDOES 

180. The strength and durability of iron, whether, in the form of 
oast iron, wrought iron or steel, render it extremely valuable for the 
superstructure of bridges, and the improvements recently made in the 
processes of its manufacture have led to the gradual supersession of 
timber and masonry for this purpose in all important bridges of large 
span. The earlier stages of the development of iron bridges were marked 
by improvements inthd method of conversion of cast iron into wrought 
iron, a more reliable material. Sections of wrought iron were produced 
which were well suited for the construction of iron girders, and more 
recently, the experience acquired in the manufacture of mild steel by 
the Bessemer and Sieuiens-Martin processes has accumulated so fast 
that a material of even greater.^trength, ductility and elasticity is now 
produced at a coat almost equal to that of wrought iron. 

Materials of Construction 

181. It is not necessary in this Manual to describe the qualities and 
characteristics of oast iron, wrought iron and steel as these are fully. 
dealt with in the Manual on Building Materials, but it may be useful to 
repeat here the average ultimate strength and working stresses of the 
three materials undec-the strains to which they are usually subjected in 
the framed structures of bridges. 

The average ultimate tensile strength of cist iron is 8 tons per 
square inch, of wrought iron 24 tons, and of mild steel 80 tons. The 
ultimate resistance to oomprossion of cast iron is 40 tons per square 
inch, o^ wrought iron 17 tons per square inch and of mild steel the 
same as that under tension, viz. 30 tons. 

The working stresses of cast iron when subjected to a dead load are 
generally taken bo be i of the ultimate strength, or when subjeoted to 
shocks or impact, the breaking load. The working stresses of 
wrought iron and steel are usually taken as i breaking load for perma* 
cent dead loads not liable to variation, } to 4- for ordinary live loads 
gradually applied and | to ^ for live loads rapidly applied. 

The ehearing working atrese of rivets, bars and plates of rivetted 
joints in wrought iron and steel is generally assumed to be 6 tons per 
square inoh and the safe bearing resistance 8 tons per square inch. 
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182. Testing materials —For all important work, the Engineer 
should satisfy himself that he is getting material of good quality from 
the manufacturers by making certain recognised tests which are intended 
to show that the iron or steel supplied has the required degree of 
strength and ductility. The following are the tests prescribed by the 
Director-General of Stores for India for the material of bridges for 
State Railways made in England. In ordering wrought iron or steel,, 
it is generally specified that a certain number of samples of the 
materials must be provided by the makers during manufacture to be 
tested by the Engineer or bis Inspector. 


- 

Tensional 
stresses per 
square inch 

Percentage 
of contrac¬ 
tion of 
fractured 
area 

Percentage 
of elonga-. 
tion in a 
length of 
>0 inches 

Wrought iron plates and bars 

Tons 



Square and round bars aod dai bars under 6' 

24 


15 

width. 




Angle and Tee bars and flat bars over 6^ width 

22 

16 

12 

Pliiles—with the grain .. .. •• 

21 


a 

Do. across the grain .. .. •• 

18 

6 

4 

Steel plates and bars 




Plates, with or across the grain and angle or 




Tee bars— 




not less than •• 

27) 




t 


20 

not more than 

31 ) 



Steel tods foe bolts and rivets— 




not less than 

26 





• • 

25 

not more than 

28) 




Rivet iron is tested as follows: 

(a) Bending double upon itself when cold. 

(b) Bending double upon itself when red hot. 

(o) Shank being nicked whilst cold and bent double, showing 
the fibre of the iron to be of good quality. 

(d) Flattening down the rivet head whilst red hot until its 
diameter is times that of the shank without showing any 
sign of cracking at the edges. 

188. Oast iron is now but seldom used for structural purposes aa 
its tensile strength is very small compared with wrought iron and mild 
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0teei ifttitl it ik nbt A reliable metal being brittle and liable.to give way 
^tfaott watnibg* It is only used occasipnally in parts ol structures 
subject to direct compressive stress without vibration. Where its 
Strength is of particular importance, test bars should be moulded from 
the same metal as that employed in the casting and they should be 
tested by loading them as beams. Test bars 2^x1*^ section, placed on 
supports 3 feet apart with the 2^ side vertical, should sustain a central 
test load of 30 cwt. with a deflection of not less than 0*3 inch previous 
to fracture. 

184. Section and stock sizes of material— Cast iron can be mould¬ 
ed to any shape or size. Wrought iron and steel are rolled in a great 
variety of sections to suit the different patterns of girders employed 
in ordinary engineering practice. iFor convenience of classification, 
the following nomenclature has been adopted for the sections in 
common u^e: 

3 

** Plate **, for thiokneesea of _ ' and upwards wbeo width is above 12 inobes. 

16 

0 

Flat’^ for tbicknesses of and upwards when width is uot above 12 inoboa. 


Sheet ”, 'or any thickness less than above 6" width. 

16 


** Hoop*’, for any thioknesa less than not above 6' width. 

** Bar *’• may be either square or round in section. Ordinary dimenBious are 

from ( inch to 8 inched diameter or sides, iboreasing by ^ of an inch 

16 

each size. If under } inch diameter, couud bars are called rods. If 

3 

under diameter wire, 
lo 

. Angle”, Tee and Ohannel. Those ace shown below ; 
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These seotions are made in a great variety of dimensions. Iron merchants 
generally publish lists showing those they keep in stock. 

** Boiled joist or H. icon.” 


This section is rolled in 
depths of 8' to 18'. An 
endless variety of sections 
is kept by different makers 
who generally publish full 
siie ieotfons of their jAists^showIng^ the Weightier foot rnn of each joist 
the stools length! ghd the distsibated load eaoh seeMoii^ will supfovt. 
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Besides the abov^^ihentiod^d^ ttaefd are a greet mady other forms 
i^hiob are rolled for speoial purposed e^ch as bulb bars, single headed 
rails, double headed rails, bridge rails, etef., ^faioh are usually shovro by 
makers io their catalogues and priof listen 

The ordinary commercial length of anglet; tbes, channels, joists and 
bars is 20 feet but they are obtainable in leogtht Up to 40 feet. They 
can be rolled to a maxitmim length of 60 feet in steel but only to special 
order. The limiting dimensions of plates are as follows: 

Thickness, IJ inch; length in steel 40 feet, in wrought iron 14 feet; 
width in steel 10 feet, in wrought iron 8 feet, 

In bridge work, in ordinary practice, it is not advisable to use plates 
less than ^ inch thick in any part of the structure, or, for diagonals)- 
round iron less than f inch ; flat bars less than J inch thick, or anglet 
less than 2"x2" xj". 

Joints and connections 

185. next point to be considered is the method of joining 
sections of mateiials together to form a structure. These being made 
ef limited dimensions in length, breadth and thickness, it may be 
necessary to add to the stock sizes or to combine one section with 
another of a diflferenb kind, For this purpose connecting plates and 
angles are used which join the different sections together by means 
of clinched rivets, 

186. Rivets and riveting—A rivet is made from round wrought 
iron or mild steel of the best quality having the head in one piece with 
the body. Before it is fixed, each rivet consists of a small spindle or 
shank and a head formed like a cup. There are various names given to 
rivets according to the shape to which the points formed in fixing but 
the two kinds in most common use are shown in the two figures below : 



The cup-ended rivets are adopted for general use, the countersunk 
variety being only used where projecting heads would be in the way 
and a plain surface is desirable. For the latter, tho hole in plate or bar 
is countersunk to form the counterpart for the head. 
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To form a joint, holes are either puaclued or drilled in the plates or 
bars it is desired to oonneot, the rivets are heated to a red heaf^ in a 
portable Smithes forge, taken quickly one by one from the forge audJ 
inserted into the holes while still red hot. The projecting end is thea 
either rapidly hammered down by hand or pressed home by a machine 
to form a head similar to that on the other end of the rivet, the head in 
hand riveting being kept firmly pressed against the plate during the 
operation by a dplly. In the case of the countersunk rivet, the shank ia 
hammered into the recess formed for it in the plate. For the cup-end 
rivet, the button is formed by means of a short bar called a ** snap ” 
which bas one end hollowed out to form a cup* When the projecting 
red hot end bas been hammered down roughly into a lump over the* 
rivet hole the snap is held over the irregular lump and struck repeatedly 
in different positions by a heavy sledg^ hammer to form a neat cup 
bead while tho iron is still hot and malleable. 

A good rivet, well fixed, should be so squeezed into its hole by the 
process of hammering when red hot that it completely fills the hole 
between the heads. Loose rivets may be detected, when cold, by 
tapping between one end smartly with a light hammer and feeling the 
other end between the fingers $|ft the same time to see if it is firm. An 
imperfect rivet under this test will be felt to move under the strokee 
of the hammer and will emit a sharp metallic olink by which it may be 
easily detected. All imperfect rivets should be cut out and replaced. 

187. Rivets are preferred to ordinary bolts with heads and nuts for 
connecting plates and bars in bridgework because, being hammered 
close to the faces of the plates, they hold more tightly and their shanks 
are not so likely to become oxidised as those of bolts; moreover, as^ 
rivets are nearly always fixed when hot, they contract in cooling and 
draw the plates together with great force. 

188. Drilled holes are preferable to punched holes, because the pro¬ 
cess of punching is not so accurate as drilling and it tears and injures tho 
plate to some extent round the edges of the holes, especially when the- 
iron is not of good quality. In really first class work, when several 
plates have to be riveted together, the rivet boles are of a diameter lesa 
than the thickness of the plates, or the quality of the iron is inferior,, 
drilled holes are desirable. For ordinary work, holes in thin plates and 

*The bead sboiild not be quite so hot as the shank which is hammered down 
and pressed into the hole to dt it oompletely. To edeot this the rivets are placed in 
a plate bored with holes so that their heads are on one side of the plate and their 
tails on the other. The plate is put over the fire with the tails dowhwards whioh 
keeps the heads obmpsrativsly cool. 
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^boB6 of a diameter greater then the thickness of the plates ma^ be 
punched. Punched holes are sometimes formed smaller than required 
and the rough injured edge is afterwards drilled out by a process called 
riming.” 

189, The aggregate seccion of the rivets in any joiut must be 
determined by the stress that will come upon them. The method of 
calculating the strength of riveted joints to meet the stresses in different 
parts of a structure is fully explained in the College Manual on Applied 
Mechanics and will not be touched on here but there are certain empirical 
rules adopted in workshop practice for determining the proportion and 
pitch of rivets according to the size of the plates and bars connected 
'which it will be useful to note for convenient reference. 

Sir William Fairbutn’s rule for the diameierB of rivets in punched boles is as 
follows : 

For plates less than ^ iuoh thick, the divmeter of the rivet should bo about double 
^be tbickneas of the plateg For } inch and thioker plates, the diameter should be 
about times the thickness of the plate. 

When holes ate drilled, thej may be a little smaller in proportion to the thiok- 
nees of the plate. 

When plates of different thicknesses are joined the rivet is proportioned with 
4!efereno6 to the thickest of the plates. 

The rivet holes are generally made i of the diameter larger than the oold rivet to 
allow for the expansion of the latter when heated before iosertioi}* 

Professor Unwin's rule for the diameter and proportion of rivets Joining several 
iplates is as follows: 

Diameter of rivets to v^hete fsthioknesBes of plates in inches. 

Height of the head of the rivet ehonld be about f of the diameter of the spindle 
and the diameter of the head from times to twice that of the spindle. 

The length of the rivet before clinching measaring from the headssnm of thick** 
nesses of plates to be rlveted+2| times the diameter of the rivet. 

The ** pitch of rivets, or their distance apart from centre to centre, varies 
«ooording to the stress upon the joint and the nnmber of rivets required in a given 
space. A very common pitch for girder work is form 8 or 4 to 6 inches, i.e. about 
4 or 6 diameters of the rivets. 

No punched rivet bole should be nearer to another than 1 or diameter (between 
the edges of the holes) otherwise there is a possibility of breaking the two holes ioto 
one ; nor should any hole be allowed nearer to the edge of the metal than its own 
*diameter. * Drilled holes maybe a little closer together than punohed holes. 

190. Riveted joints —These may be of the following descriptions: 
<(l) Lap joints, (2) Cover joints (o) single (6) doable, (3) Angle joints. 

Lap joints are formed by rive')iag together plates that overlap one 
another as in Figs. 96, 96. The overlap should not be loss than 3^ 
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Fig 85 



Fig 96 
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Cover joints are those in which the epds of the plates meet one 
another, the joint beingE fished either with a single cover plate on one 
aide as in Fig» 97 or with one on each side as in 'Fig, 98. When two 
cover plates are usefl each of them shonld be of thickness not less than 
half the thickness of either of the plates to be united. 

At joints in compression, the ends of the plates to be connected 
should butt evenly against one another, but this can seldom be attained, 
in practice as the very process of riveting draws the plates slightly apart 
and the edges are generally caulked to conceal the gap. As the perfect 
butting of the plates is seldom or never secured, the whole thrust at a 
joint in compression is transmitted through the cover plates and rivets, 
and for the best bridge work it is now assumed that all the joints shall 
be of suflBoient strength to take the whole strain through the rivets, 

Single riveting consist of a single row of rivers connecting plates 
in any form of joint as in Fig. 95 ^ double riveting of two rows of rivete 
as in Figs. 96, 97, and multiple^riveting of three or more rows, Uoublo 
or multipje riveting may be of the chain pattern or “ rigaag.’* Tho 
former is formed by lines of rivets in the direction of the stress parallel 
to one another on each aide of the join! as in Fig. 99; the latter by linde 
of rivets 00 placed that the rivets in each line divide the spaees between 
t|ie rivets in the adjacent lines as in Fig. IpO. 
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joints ars usually formed by angle ieons^ eaob arm of vbiob 
is riveted .to one of the plates or bars meeting at the angle as in 
Figs. 101 to 105 wbiob represent some of .these joints in oommon use. 



191. The relative strength of different kinds of riveted joints as 
compared with that of the solid plate has been found to be approxi¬ 
mately as follows : 

StceajthI of solid plate being •• •• 100 

That of the single civeted joint is •• 66 

Double civeted joint •• .. •• •• «. 70 

Multiple chain xivetcd joint •• •• •, .. 85 

192. Causes of failure of riveted joints —Riveted joints are liable 
to fail in different ways according to their form and the nature of the 
stress brought upon them. 

The rivets themselves may fail by their beads being shorn off' or by 
the sbahhs being cut in two by a shear'ng stress. 
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CHAPTER VII 

^ny plate may fait either because its eflfective sectional area After 
thb rivet holes are cut out is insufficient to resist the stress or by the 
rivAts (Shearing through the strip of plate beyond them. 

If the rivet is not suOSciently large it may not provide sufficient 
bearing area and either indent or crush the plate round edge of the 
hole or be indented and injured itself by the plate^ causing a loose joint. 

198. For important bridge work it is advisable to calculate care¬ 
fully the stresses which will come upon a joint and to arrange the num¬ 
ber, size and position of the rivets, their distances apart and the 
dimensions of the plates accordingly. Such calculations are, however, 
beyond the scope of this Manual and will be found fully explained in 
the Mauual on Applied Mechanics. See Appendix D. 

Types of iron and steel bridges 

194. The different component parts of the structure of iron and steel 
bridges and the methods of putting them together having been fully ex¬ 
plained ih the above paragraphs, we will now consider the different types 
of such bridges commonly adopted in ordinary Engineering practice. 

They may be classified broadly as follows : 

(a) Suspension bridges. 

(b) Arch bridges. 

{€) Bowstring girder bridges, 

(d) Trough plate bridges. 

(e) Rolled joist bridges. 

if) Plate girder bridges. 

(g) Tubular or Box girder bridges. 

(/i) Lattice or braced girder bridges* 

({) Continuous girder bridges. 

(j) Cantilever bridges. 

(fc) Movable bridges. 

Each of these types will be briefly described below. There are so 
many different varieties that it will be impossible in this Manual to go 
into minute details regarding the design of each type, but examples 
have been referred to in most cases and the books in which they are to 
be found, so that students requiring more detailed information regarding 
any particular type will know where to find it. 

196. Suspension bridge—This type of bridge is generally adopted 
on bill roads in India as it consist of very light members whiuh are easily 
transported. It is hardly ever used in the plains Details of its construc¬ 
tion and erection have been given in the chapter on Temporary Bridge 
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Bod it will not be further referi^d to in this chapter. See the eiamples 
o( permanent Suspension Bridges in England and America quoted in 
I)aragraph 63. 

196. Arch bridges —The capacity of iron tmd steel to withstand 
tension as well as compression which dispenses with the necessity of 
keeping the line of resistance within the middle third of the thickness, 
and their lightness in relation to their strength, ad compared with 
masonry, rendor these materials most suitable for arches of large,span. 

Cast iron arches in ribs were formerly buiit for large spans, but for 
the reasons given in paragraphs 43 and 183 cast iron is not now employed 
to any extent for bridge building. O isc iron arches will not therefore 
be further referred to in ihis chapter. 

There are numerous examples of arched bridge of wrought iron and 
steel of very large spans recently built over deep gorges or rivers in 
which pier foundation would have been very expensive. Two examples 
of these, fairly typical of the rest, are given below. 

The St. Louis bridge, carrying a railway and an over head roadway 
across the Missit^sipi River in America, was built in 1867-74 with a central 
arch of 520 feet spin and a rise of 47 feet and two side arches of 502 feet 
span with a rise of 43| feet. It was the first bridge of large span con¬ 
structed of steel. Each span of the bridge corisists of four arched ribs 
composed of two steel tubes, oue above the other, 12 feet apart centre to 
oentre and connected by triangulated lattice work. Eich tube has an 
external diameter of IS inches and increases in thickness from 1 - 16 inch 
Bt the crown to 2*5 inches at the springing. See Fig, * 106. 

An arched steel bridge of the very large span of 840 feet was erected 
across the Niagara River in America a short distance below the famous 
falls in 18I)». The arches spring from the rock gome distance down the 
sides slopes which are spanned on each side by girders of about 200 feet 
span. The rise of the arch is 137 and the depth of the arch at the crown 
26 feet. See Fig. 107. 

A metal arch tends to rise and fall slightly with variations of 
temperature. When the arch is fixed at its springing, as the St. Louis 
bridge, the stri3S8e8 due to change of form have to be borne by the 
elasticity of the raetil. These stresses are greatly reduced by leaving 
each rib free to rotate slightly on its bearings. The required hinging at 
the springs for this purpose has been provided in the more recent 
arched bridges of large span by placing the ribs on cylindrical steel pina 
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epringiog or by tapering (Iowa the ribs to pivots at the apripging8> 
Ctrl ae in the oase af the Niagara bridge, by making the ribs hear on a 
oarved surface at the spriagings on which it is left free to move. 

The facility with, which large metal arches can be built uub from tha 
thbutmente is one of the chief advantages of this type of bridge when 
•aafiTolding is impossible in a deep gorge or rapid stream. See 
paragraph 227. 

197. Bowstring girder bridges. —This form of girder is really a 
m^tal arch in which the thrust is borne by a boriaonial tie joining the two 
ends which takes the^plaoe of the string of a bow. The tie makes the arch 
a self-contained structure, which does nut require heavy ahutments to 
bear the thrust. The roadway in such bridges is ushally suspended from 
the arch by means of vertical rods which are braced diagonally to provide^ 
for the unequal distribution of moving loads. See Fig, 108. This typo 
of girder is suitable for very large spans and is now rarely used. 


. Fig.108. 



198. Parallel flange girder bridges. - We come now to the type of 
girders in common use, viz., those with parallel flanges in which the 
bending moment is resisted by the upper and lower horizontal flanges and 
the shear by a vertical plate web or open lattice work composed of struts 
and lies. See plates A and B, appendix D. In describing these girder 
bridges it will be assume I that the student is already acquainted with the 
theory of transverse strain. This theory is fully treated on mathemati'* 
pal principles in the College Manual of Appptied Mechanics. He is 
recommended ti master iliroughlyjihe methods of calculation ofstrassee- 
and strains in iron structures before proceeding to study the praoiical 
details of bridge building. He should recognize clearly that to render a 
structuret secure, a quantity of material proportional to the stress must 
be provided in every part, and economy requires that the material should 
nowhere exceed that proportion. A bridge will not under actual con¬ 
ditions bo uniformly strainedjeverywhere but it should be so designed 
and calculated that there will be uniformity in the intensity of stresses^ 
of the diflerent parts under all the varying conditions to which it will 
be subjected. 
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IJP. Tb^ bending ippmei^t of s uniformly loaded girder ia a maxi¬ 
mum iu tbe oentre of the span and diminisbes towards the piers. Oonae- 
quently thp sectional area of the daoges must be made largest in the centre 
of the girder and it may be gradually reduced towards the ends by 
diminiebing the number of plates, or, the sectional area of the flanges 
being maintained, the depth of the girder may be reduced in proportion 
to the reduction in the bending moment by curving the top flange. For 
short and moderate spans the former system is adopted, the flanges 
being made exactly parallel, but, for very large spans, over 250 feet, the 
modern practice is to adopt a combination of the two systems for economy 
in design. See Fig* 109. 



200. The shearing stress of a girder uniformly loaded, ou the other 
hand, increases regularly from zero in the centre of the span and reaches a 
maximum over the points of support where it amounts to half the distri¬ 
buted load, The web plates accordingly of plate girders have to be 
strengthened and stiffened towards the ends by verticle T or Z iron 
stiffeners and gusset plates while the struts and ties of open girders are 
made successively stouter from the centre of the span to tbe abutments. 

201, The web of a plate girder may be regarded as a continuous 

series of lattice bars subjected both to compression aud tension and 
transmitting the stresses to the flanges at every point of their length. 
Web plates are serviceable for small girders where lattice bars suited to 
the strain would be very small, their workmanship relatively costly, and 
their connections with the flanges somewab inconvenient; but these p ites 
cannot be ej^ictly proportione<l like lattice bracing to the exact stioi^es 
they have to resist at each point and the vertical T or 4 iron stiffeners, 
usually introduoed, only roughly provide for the inueasiug compressive 
stress towards the ends so fay large spans, the lattice girder is the more 
economical desifjn of the two. The ordinary practice is to use plate 
girders for spans nob exceeding 60 feet and lattice girders for spans of 
60' and upwards. The depth of girders for vertical stiftuess should be 
,1 bo ^ span, generally The width of horizontal flanges for lateral 
stiffness should be ^ to i spun. Examples are given in plates A andB^ 
App, D of plate and lattice girders which show their details of con- 
struction, _ 
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202. For small road bridges up to 15 feob span, trough platos 
>ftre oommooly used to span the opening as shown in Figs. 110 to 112, 
The troughs are laid longitudinally and tied across with a tie.bar at the 
centre of the section attached to the under side of each trough and to the 
side plates or channels forming the kerbs. At the ends they are tied 
across by bearing plates 12" which rest on bed plates of the same 
sise secured to the abutments. The bed plates generally project about 6 
inches beyond the bearing plates and have strips riveted on at the 
projections to prevent lateral movement of the trough plate structure. 

203. For railway bridges up to 20 feet, span and for road bridges 
from 15' to 20' span, rolled Steel joi&ts are usually adopted as girders. 
!Iq the former, the joists are placed immediately blow the rails and tied 
across for lateral stiflFness by iron rods or bars. The sleepers are laid 
across the joists and the rails are carried by the cross sleepers in the 
ordinary manner. In road bridges the roadway is carried by trough or 
buckle plate 6coring on the joists or by shallow brick arches called “Jack 
arches*’ thrown between ihe lower flanges and having their haunches 
filled up with concrete. Metalling of the.required thickness is laid over 
•the flooring so formed. In the process of rolling, neither the widlh nor 
thickness of the web and flanges of a rolled joist can be altered to suit 
the varying strains, but, for a span not exceeding 20 feet it is of no 
consequence, practically, whether any of these dimensions are varied or 
>nob and the rolled joist has the advantage of cheapness, simplicity and 
f^freedom from all joists and rivets. 

204. Plate girders are generally employed on roads and railways for 
spans between 20' and 60', On railways, they have sometimes been used 
•up to 8) feet. They consist essentially of a web of plate iron and flanges 
of. two angle irons, one on each side of the web, with or without 
horizontal plates riveted to the angle irons. See Appendix D. For the 
smaller spans angle irons only will be found sufficient in the flanges, bu^ 
for larger spans flange plates are required in addition to the angle irons 
to resist the compressive and tensil stresses. 

In designing the section of the flanges, it must be remembered that 
a proportional addition must be made to neutralise the loss of strength 
(about 20 per cent.) due to the rivet holes in both flange plates and 
angle irons. In these girders the section of the web oan be propor* 
tioned to some extent to suit the shearing s trains by using thinner 
vplates at the centre and thioker towards the ends; the upper and 
dower booms can be likewise proportioned by the use of thicker plates in 
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the flanges at the oentre, or, using the same thickness of plate through- 
out, by gradually increasing from the ends to the centre the number of 
plates superimposed one on the other in building up the booms. In* 
designing the booms, the following points should be attended to -(1) 
The size of the plates should not if possible exceed the limiting sizes kept 
in stock by manufacturers as a higher rate is usually charged for larger 
plates. There is no precise rule for these sizes- They vary from time' 
to time and shouM be ascertained definitely bef)re the design of a-largo 
bridge is undertaken. (2) The plates should break joint at connections 
80 that no two joints ooour in the sxme oro^s section, th^ minimum 
distance between two joints being not less thin twice the pitch of the 
riveting ad the joints, (3) The plates should br uniform in dimension 
as nearly as possible and the riveting so arranged thfit the pattern for 
each plate is as nearly as possible the same. Any departure from this 
rule involves risk of mistakes by workmen. 

The webs of plate girders consist of vertical plates of the full depth 
placed end to end and connected by T irons on both sides which act as 
covers and at the same time stiden the web plate to resist the diagonal 
compressive forces to which the shearing force gives rise. By their 
transverse resistance to flexure tho C iron stiffeners not only oppose the 
tendency of the web to buckle but they also, in large bridges with cross 
girders, transmit the weight uf the cross beams through the web plate 
uniformly to both booms. When cross girders are used there should be a 
T iron stiffener at the junction of each cross girder and intermediate 
stiffeners of less section if necessary. Since the shearing force is a 
maximum at the abutments and \ minimum at the centre it is a good 
plan to design the web first at the ends and then at the centre for 
which the plates, in small bridges, are generally not less than J inch 
and for the larger spans nor less than 3/8 inch. It will then be easy to 
graduate the section ; examining the strength at those points only at 
which the section changes. 

The web at the ends of a girder where it rests on a pier or abutment 
is to be considered a simple pillar which receives and distributes to the 
web the entire vertical reaction at that point. The web therefore 
requires an addition to its thickness over the points of support and an 
increase in the number of T irons riveted to it. 

In road bridges the flooring consists generally of trough or buckle 
plates covered with metalling. In railway bridges it is not usual ta 
provide any floor over plate girder bridges. 
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Diagonal cross bracing at intervals is required between the thai'n 
girders for lateral stiffness and to resist wind pressure. 

206. !t!tibtilar or box girders. —Are only varieties of plate girders* 
A tabular girder consiats practically of two plate girders, the top and 
bottom flanges of which meet overhead and down below. The first gir* 
-dera of this kind were erected in 1848 across the river Conwa^ for the 
Chester and Holyhead Railway, The Conway bridge has a clear span of 
400 /eeb and consists of two parallel tubes containing the up aud down 
lines, placed a clear 9 feet apart, 15 feet in width, and increasing in 
height from 22J feet at the ends to 25J feet at the centre. The Conway 
ends of each tube werejastened down to the abutments bub the other 
ends rest upon rollers and gunmetal balls to allow for expansion and 
contraction due to variations of temperature. Another celebrated 
bridge of this kind is the Britannia Tabular bridge on the same rail¬ 
way across the Menai Straits which has two central spans of 459 feet 
and two side spans of 280 feet. 


Small tubular girders are cormnonly called box girders. They are 

. ^o^ed by four plates connected by angle iron as 

.the margin. They should be at leasb 

1 large enough to admit a man or a boy so thab 

I I they can be painted periodically inside bo pre. 

I vent corrosion, 

I - Tubular girders of a cellular shape, though 

t ^®*'y suitable in form for resisting compressive 

^ ; stressess, are with difficulty protected efficiently 

J L against corrosion and involve the use of an 

d II excessive quantity of metal in the double solid 

plate webs. They have now been abandoned in 
favour of open web girders with diagonal bracing proportioned bo the 
■strains in the different parts of the girder which are considerably lighter 
than solid web plates and offer much less surface to the wind. 

208. Latice girders-Are of various types but the most common 


form known by this naraejs that 
shown in the Bgure on the margin. 
Formerly, a common type of con¬ 
struction for lattice grider bridges of 
large span consisted of parallel top 
anfl bottom flanges of plate iron 

closely oonneoted by numerous diagonal bracing bars which helped to 
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the girder and enabled 6he dimensions of the lattice biire to be 

kept very moderate as illustrated by the sketch on the margin, More 
recent practice in large bridges of this type is however in favour of 
resorting to greater depths'*^for the girder iu proportion to their 
span and placing the struts vertical, thereby reducing their length as 
“pillars' under compression whilst retaining the diagonal position of 
the ties. See Fig. 109. The reduction in depth of a large girder 
towards the ends as exemplified in the sketch has the advantage of 
reducing the length of struts and ties whi're the stresses on them are 
greatest. The proportion of depth to span in lattice girders of very 
large span is now 1/I2th to 1/lOth in the middle. 

The cross bracing shown in the central portion of Fig. 109 is,as the 
student is no doubt aware, put in to counteract the changes of stress in 
the central bays due to the action of travelling loads. In the ordinary 
diagonal lattice girders the central tie bars are constructed similarly to 
the struts in order to adapt them for resisting the compressive stresses 
which unequal loading is liable to impose on them. It may be useful to 
note here that in braced girders under uniform load the bats which 
incline towards the abutment are usually struts and those which slope 
from the abutment towards the centre are ties. 

In the earlier lattice bridges, as statt d above, a large number of 
bracing bars were employed cutting up the web into very small reticula¬ 
tions, the bars being riveted together at every intersection to approxi¬ 
mate to the condition of a plate web. The riveting of struts to ties 
at frequent intervals undoubtedly stiffens them against flexure in the 
plane of the girder, but at the same time the multiplication of their 
number and consequent reduction of their individual dimensions weakens 
them against transverse flexure and enhances the proportionate waste of 
material towards the centre where the shearing force vanishes, for, in 
general, they cannot practically be reduced below certain fixed dimensions^ 
In the latest and best practice, therefore, the number of triangles in the 
bracing in reduced as much as possible, the limit being always the 
practical conditions which fix the maximum size of a single strut. 

Ip girders of very large span, their dead weight forms a large part 
ef the total load and it is therefore very important to keep it down as low 
as possible. This is effected chiefly by increasing the depth of girders as 
above explained and by using a good quality of steel insteal of iron. 
Owing to the greater strength of the former, not only are the seclioniil 
areas and weight of the different members of a girder reduced in 
proportion to its strength as compared with that of wrought iron but a 
further reduotioD becomes possible owing to the diminution in the dead 
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weiglit of bhe girders themselves which they have to carry. In America, 
tooreoTer, a farther attempt is made to reduce the dead weight of girders 
by making the bottom flanges of a scries of bars, the bracing being joined 
to these and to the top flange by bolts or pins. The top flange, being 
ander oorapression, is generally of trough seotion TT sad consists of 
plates riveted together. This seotion, though suitable for a member 
, ander compression, is considered to bo somewhat wasteful for the bottom 
flange in tension owing to the loss of area doe to rivet holes and the 
additional weight of cover plates over the joints ; and con 8 eqnentl 7 
economy of material is obtained by the use of simple eye bars connected 
by bolts or pins. For the same reason, the use of pin connected bars for 
the tension bracings instead of riveted plate ties reduces the amount of 
metal. An economy of about 27 per cent, has been gained in some cases 
quoted by Claxton Fidler in his treatise on Bridge Construction by 
adopting these modifications. In Europe, however, it is the ordinary 
practice to make the lower flange the same section as the upper and to 
build up the tension members of riveted plates because the vibration of 
heavy rolling loads has been found to loosen the connecting bolts and 
pins and the failure of any one joint would sericusly imperil the safety 
of the whole structure. Combining, however, as they do the important 
elements of economy, portability and simplicity of construction, pin 
connected girders might sometimes be used with advantage for road 
bridges, even if they are considered unsuitable for large and important 
railway bridges foriihe reasons stated. 

To resist wind pressure and for lateral stifFnese, diagonal cross 
bracing is fixed at intervals between girders when these are below the- 
roadway. When the roadway is carried on the lower boom, overhead 
oonnter bracing is necessary between the upper booms. 

The different types of lattice girders commonly adopted in America 
*re distinguished by the names of the persons who first introduced them 
e.g. the Howe, Whipple, Linvile, Pratt trusses. These exhibit certain 
variations in the arrangement of the bracing, but they are all essen¬ 
tially lattice girders and will not be further referred to. 

207. A continuous girder covers several spans resting on inter- 
mediate supports and, under theso-eonditions, it acts in some parts a» 
a cantilever and in others as a supported beam : and under moving 
loads, in some parts it acts as either alternately. Such continuity ia 
pnerally attended with great advantage as far as economy of materials 
in the girders is concerned, especially in those with symmetrical oros» 
•eotions and under steady loads. There are oases, however, when it ifr 
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disadvantageous. The piers required for their support have to be 
considerably stronger than those for disoonneoted girders as they carr? a 
much greater proportion of the load. Continuous girders have often been 
resorted to for a series of moderate spans but they are not suitable for 
spans under 150 feet nor have they been extensively adopted for very 
large spans owing to the iotensihcaiion of the stresses which would 
occur in parts of the girder if the slightest settlement took place in one 
of the piers and also on account of the difficulties experienced in their 
erection when the size of the girders and the width of the spans preclude 
the possibility of building them over one abutment and rolling them out 
over the piers. See Fig 180. * 

In a girder of this description extending over two spans under steady 
load| the portion next the abutment for a length of three-fourths of one 
span may be treated as a detached and independent girder with the 
loading due to its length, the remaining one-fourth being treated as a 
cantilever projecting from the central pier and carrying at the end one- 
half of the load of the supposed separate girder covering the rest of the 
span as well as its own load. The point “A** where the supposed girder 
and cantilever join is usually called the point of contrary flexure beoanse 
the curve asaunaed by a loaded continuous girder changes at this point 
from concave to convex* 



In a aontinuous girder of three or more spans and when the spans are 
unequally loaded, the position of the point of contrary flexure is not that 
stated above but varies with the moving or unequal load and is different 
in different spans. The method of calculating the stresses of continuous 
girders under varying conditions wjU be found fully explained in the 
Applied Mechanics Manual. 

208. Cantilever. —As applied to bridges, cantilevers consist essen¬ 
tially of girders projecting like brackets from the piers which support 
them and either stretch across the span themselves or cover a portion 
the span on each side and support at their ends independent ceuerm 
girders whose span is in this way considerably reduced. 
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The most dUtincc form of cantilever bridge is that in which 
symnaetrioal arms project on each side of the piers, the arrOs over the 
main span sapportiog a central girder and the outer arms towards the 
abutments* etretching over smaller side spans, being anchored down to 
the bank on eaoh side or provided with additional load in the end pillars 
to counterbalance the weight of the central girder with its load. This 
design has been adopted in the Niagara and the Forth bridges. The 
latter is shown in Fig."' 114, It will be seen in this case that as the 
central cantilever cannot be anchored down the unequal load caused by 
moving trains has been provided for by enlarging and strengthening the 
central part of the structure over the pier. It will farther be noticed 
that the cantilevers and their high supports over the piers are stiffened 
laterally and strengthened against wind pressure by widening them 
considerably towards their base and especially over the piers. 
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The Steel cantilev.^r span of the Sukker bridge in the Punjab is 
remarkable for hiving only a single span and for the height of its can¬ 
tilevers whiih is about one-6fth of the span. See Figfll5s The span 
is 790 feet between.^ abutments consisting of two single cantilevers 
pro) ctiug 310 feet from their supports on each side and carrying a 
central girder span of 200 feet on their inner ends. The cantilever 
being unbalanced by shore spans, this form of bridge for a single opening 
seems uneconomical and was only adopted apparently on account of the 
unusual length of span and because it was found impossible to maintain 
staging in the liter for a period long enough to admit of the erection 
of an ordinary trussed girder bridge. With such excellent rock abut- 
mentH as tho^e available at the site, it appears, however, open to question 
whether a braced steel arch bridge would not have been a more suitable 
-design : it could have been erected by overhanging from the shore ends 
iind it would probably hare been more economical. 

In bridges of very large span, the dead load becomes more important 
than the moving load as the npan is increased, an I this increase reaches 
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a limit beyond which it is impracticable to design bridges of any particular 
type because they will not bear their own weight rathei than on account 
of the strains due to the relatmely small moving load they may be 
required to carry. This shows that those types of bridges are best 
suited for very large spans which concentrate their greatest weight of 
metal near their supports, like cantilevers, rather than those which are 
liable to be heavier near the centra of the span as in the case of ordinary 
girders. Moreover, symmetrical double cautilavers are well adapted for 
very large spans on account of their self-contained and balanced 
structure and their suitability for convenient erection by building out 
from their supports as shown in Figs. 133. 134. 

209. Movable bridges. —When a road or a railway crossees ; a navi¬ 
gable river, canal or dock, it is necessary to provide for the passage of 
masted vessels or steamers by making the structure movable. There 
are three distinct types of movable bridgss which will be only briefly 
referred to here as they are but seldom required in India. References 
have been given in each case to papers from which full information can 
be obtained, if necessary— 

(a) Swing bridges. —These have balanced girders swinging round 
a quadrant of a circle horizontally over a pier or a pivot or on 
a turn table with cast steel rollers. This is a common type. 
Two good examples of it are the Castletown Swing Bridge 
and the Hawarden Bridge described in the Proceedings 
Institute of C. E., Volumes XCII and CVIII respectively. 

(b) Traversing bridges —This type rolls backwards and forwards 
across the op uiugandis only resorted to when the 8pac3 
above and below the opening is not large enough to take 
a swing bridge when opened. The girders have counter¬ 
poised tail ends exactly the same as those of a swing bridga 
and can be raised from their supports. When raised (by a 
hydraulic ram as a rule) they are drawn back on rollers 
along one of the approaches; leaving the o[)ening clear. See 
the traversing bridges at the Mill wall Docks, London, and 
at the Barry Docks described in Proceedings I.C E., Volumes 
L and 01 respectively, 

(c) Bascule bridges.— The girders of these bridges move up 

vertically on a horizontal hinge and assume an upright 
position when the bridge is open. For large spans, the 
bascule or moving part is made to open in halves like the 
two leaves of a door, each halt working upwards on a hinge 
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on an abntiment. The greater part of the weight ofthe- 
bascule is oonnterbalsnced by a dead weight and gearing ie 
provided by which it may be readily raised or lowered by 
hand or hydraulic power. The finest example of this type 
of bridge if the Tower bridge of London with a span of 200 
feet which will be found fully described in “ Engineering. ” 
Vol. LIX. page 7. 

210. Boadway.—The chief types of girders and the main details of 
their construction having been described, a few remarks are now neoes*^ 
sary on the roadway with its cross or longitudinal girders carried on the 
maio trusses* 

211. In roads bridges of large span the main girders are usually 
spanned by cross girders and the latter are covered by buckle or trough 
plates on whioh the metalling is laid. See paragraphs 202 to 204 for 
description of roadway of short spans, Whin lattice girders are used 
for roal bridges, they are usually utilised as railings and the cross 
girders rest on the lower booms or are snspended from them by riveted 
joints. Tarred planks are sometimes used for economy over the cross 
girders instead of iron plates, but these are of a perishable nature and 
should only be used when the funds available will not admit of the use 
of the more substantial material. 

212. In the earlier railway girder bridges, cross beams were used 
to carry the roadway placed at sleeper distance, or about three feet 
apart. See Figs. 116,'117. Over these were placed the longitadinal' 
timbers supporting the rails. It was assumed that these timbers were 
strong enough to distribute the load over the cross girders, and the cross 
beams, on this supposition, were calculated to carry the same average 
load as the main girders. Some bad accidents occurred and aroused the 
attention of the Engineers to the fallacy of this assumption. The weight 
of a locomotive is not carried equally by all its wheels and the greatest 
weight on any pair of wheels is brought in turn over each girder. The 
longitudinal timbers decay in time ; they are not continuous but have 
joints and joints in the timber and rail may occur over a cross girder y 
it is therefore possible that cross beams may sometimes have to carry the 
whole or almost the whole load brought on it by the engine wheels. It 
soon became evident that the platform would be lighter and more 
efficient if the cross girders were pitched farther apart and longitadinal 
girders were placed under eaeh rail, as shown ia Figs. 118, 119, instead 
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of placing the cross beams at sleeper distance apart. This plan is now 
adopted in all largo railway bridges. 


fig 116. 



Ftg 117 
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213 The platform in railway girder bridges may be above, between 
or underneath the main girders. When there is no restriction as to 
headway under the bridge, it is best placed for moderate spans over 
the main girder, because the load is then transmitted fairly to the centre 
of the girders and the span of the cross beams may be reduced with a 
corresponding reduction of the weight, but this arrangement is obviously 
unsuited to long spans on account of the narrow “ Bridge Base which 
results, especially on narrow gaugejinee, the •* Bridge Base ** being 
determined by the gauge of the line. 

When the road way platform is carried on the lower boom, the most 
economical arrangement, if sufficient headway is available, is to place the 
rail girders on top of the cross girders and carry them continuously from 
end to end of the bridge with as large cross^girder spacing as may be 
found to be the most economical and suited for the generalldesigo. With 
this arrangement, the cross girders should be furnished with vertical 
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T*iron stiflfeners on each side of the or bracing immediately belovr 
each rail girder to transmit the load to both flanges. See Fig, 120. 

If headway is limited and it is ne¬ 
cessary to economise it as far as pos¬ 
sible the rail girder may be intro- 
duced between the cross girders as 
shown in Figs. 118, 119, 

214. Gross girders on a large 
bridge should always cross the main girders at the joints of flanges and 
bracing and the flanges of every large flanged girder should be connected 
by stiffeners at the ends of every cross girder to transfer the load 
alike to both flanges. 



215. Support of Qirders.—-The weight of a large girder with its 
load is so great as to require special arrangements for the distribution 
of the pressure over the supports. The beariug surface on the supports 
should be large enough to reduce the pressure intensity to a limit well 
within the safe crushing stress of the material ef the supports. For this 
purpose, it Is usual to attach, by countersunk rivets, a wide thick hearing 
plate of steel to the underside of the lower flange at the ends and rest 
this on similar thick cast steel hod plates fixed to bed blocks of stone or 
cement concrete built into the abutments. To allow room for expansion 
and contraction of the girders from changes of tepmeraturoi one end of 
each girder is firmly fixed to its support while the other is bolted down 
to the hed plate and becTblock through slotted holes o in the hearing 
plate which allow some play for the longitudinal movement of the 
girders. Instead of this sliding arrangement, the free end of the girder is 
sometimes carried on cast steel rollers. 


Fig 121 


To further allow of slight movement in the end pillar vertically when 
the girder is deflected and to keep it bearing normally on its support 

a rocker ” end is often provided in 
largespans and sometimes the rocker and 
roller are combined as shown in Fig, 
I2l on the margin. In the latter arrange¬ 
ment a ** saddle block ” is bolted to the 
underside of the girder which rocks on the 
saddle* The saddle in its turn moves on 
the set of rollers which themselves roll 
on the smooth and polished bed plate, th^ 
latter being securely bolted to the bed 
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21 Loads on girders. Dead load —The dead or permaueub load of 
a bridge eaters into the oalculatioo of every desigo from the outset and 
it is therefore necessary to assume what this weight will be as a 
preliminary. It may be obtained approximately by comparison with 
the weight of similar bridges previously constructod and various rules 
have been formulated for arriving at this approximation. 

Whichever rule is adopted, it is very necessary in getting out the 
final design to revise the calculations and correct the stresses if the 
assumed weight is found to differ appreciably from the actual, until a 
sufficient degree of accuracy has been obtained. 

For ordinary road bridges, the weight of the platform, which includes 
cross girders and buckled or trough plate flooring, may be assumed to 
be 32 lb. per square foot of roadway. For spans under 40 feet, having 
the longitudinal girders under the flooring, the combined weight of main 
girders and flooring m ay be taken to be 800, 900 and 1,000 lb. per lineal 
foot of span for 12, 14 and 16 feet width of roadway respectively. For 
spans from 40 to 200 feet, and 16 feet roadway, the weight per foot run 
of the two main girders (without the platform) may be assumed to be 

roadway ^^of this, and for 12 feet 1. For 

bridges of very small spans in which trough plates only are used, the 
weight is determined in each case from the section and weight of the 
plates adopted. If mild steel is used the weights should be 20 per cent, 
less than that found by these rules. 

The dead load to be assumed for railway bridges should be those 
given in the following table which are based on the actual weights of 
bridges recently made for railways in India, the material being mild steel. 


Clear span 

Weight in Iona pec lineal 
fool of span for single line 
bridges 

6' 6* gauge 

Metre gauge 

10 .. 


• • 

0*12 

010 

30 .. 


• • 

0*16 

0-13 

40 .. 



0*25 

0*22 

100 .. 


• • 

0*79 

0*70 

200 .. 


• • 

0*90 

• . 

800 .. 


• • • 

1*60 

• • 


217, Live load. — As the live load on road bridges ordinarily beara 
a ai^all proportion to the dead load and it moves slowly, it is usual to 
allow for it, as in the cose of arch bridges, by adding 150 lb. per square 
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foot of roadway of the weight of a steam roller (16 tons), whichever is 
greater, to the distributed dead load. But in railway bridges, the live 
load ooQsists of heavy locomotives and trains in rapid movement 
which prodace much more injurious strains than an equal quiescent load 
and it is therefore necessary to make special provision for it. 

The live load on a railway bridge is taken as the weight of two loco¬ 
motives and a train of carriages. The greitest load is that of the 
locomotive which in a 5 feet 6 inch line comes on the wheels 7 to 8 feet 
apart. A further allowance has to be made for the dynamic eSect of the 
locomotives passing rapidly over the bridge, and a greater rate of load 
must be as-^umed for short spans than for long ones because short spans 
are usually covered by one or two lo jomotives only, while in long spans 
these are followed by a lighter train and the average load is therefore 
less in the latter than in the former. As the weight of locomotives and 
carriages is constantly changing, no fixed rale can be made for live 
loads on railways, but the rules at present {prescribed by the Govern¬ 
ment of India for single line main girders to suit the heavy locomotives 
now in use areas follows : 



5' gBDge 

Metre gaugo 

Tons per foot run 
oC bridge 

Tomb per foot 
run of bridge 

10 

• 



4*6 

8 0 

20 

• 

. • 


3*6 

2 2 

40 




2-7 

1 7 

100 

., 


# • 

2 0 

13 

aoo 




1*0 

1*0 

300 

•• 

•• 

• « 

1 

I'4 j 

1 

1*) 


The cross girders of a railway bridge platform either receive the load 
directly from the sleepers or from longitudinal girders under each rail. 
In the former case they must carry the maximum load on an axle of a 
locomotive which, in a 5 feet 6 inch line, is 16 tons, and in a metre gauge 
8 tons. In the latter case, when the cross girders are more than 8 feet 
apart in a 5 feeo 6 inch line the total load should be taken to be 2^ tons 
per foot run of distance between cross girders, and for metre gauge, when 
the distance between cross girders is more than 4 feet, they should be 
designed for 2 tons per foot run of their distance from one another. 

218, In very large bridges, it is further nece-jsary to take into account 
the effect of wind pressure which acts horizontally aorosjs the structure and 
prodU'^es compressive stresses on the booms of the windward girder and 
toDBioD on those of the leeward one, or, it may tend to cause the bridge 
toovertorn oh the lower chord of thb leeward girder, or. ia the case of 
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a very high bridge, ib may tend to overturn the pier endwise. This 
effect is increased by the additional surface of a train passing over the 
bridge. If the bridge be on a curve the centrifugal force of passing 
trains will also produce lateral strains on the booms. The combination 
of these extraordinary stresses becomes somewhat compliodted, and need 
only be considered for very large bridges. Wind pressure may be taken 
to be £0 lb. per square foot on exposed bridge or train surface. 

219. Ereetion of girders.— Before proceeding to describe the 
various modes of erecting girders, it will ba useful to consider the 
method of accurately measuring the span for fixing the anchor bolts of 
bed stones and bed plates in their exact positions on piers and abut* 
ments to receive the finished girders. 

220. In small spans this can be done with sufficient accuracy with a 
-5fceel tape but it is not practicable to obtain a very accurate measure- 
ineut of large spans in this way. For tht 3 latter, the measurement is 
made by stretching a piano wire of the required length under the same 
tension and at the same temperature across the different spaas to be 
measured. To compensate for variations of length due to tempevature, 
it is necessary to first fix a standard base line of the exact length and to 
adjust the marking on the wire afresh every tinae it is used by stretch¬ 
ing it over the base line under a certain fixed tension. The tejnperature 
being thus compensatedi it is evident that the length of the wire must be 
constant under the same tension. The required tension is obtained by 
means of a constant steelyard, the knife edges of which are moved till 
the pull of the wire exactly balances the bar. The tension should be as 
great as possible^from 15 to 20 tons per square inch. 

221. Spans of 50 to 60 feet, or even 100 feet, are erected with little 
difficulty on river beds when the height is not excessive. For nine 
months of the year, the bed of most Indian rivers is dry exct^pt for a 
narrow width which holds the dry weather stream. Under these cotidi- 
tions, the spans may be levelled up with earth successively to form a 
platform and the girders built up on it on woolen blocks. When the 
girders have been riveted up, they can be readily lifted into position by 
moans of derrick poles or braced shear legs and ordinary rope tackle 
worked from anchored crab winches. When, however, large spans have 
to be dealt with, the height is excessive, or the flow in the river constant, 
other means must be devised. Generally, the methods of erecting girders 
may be divided into four classes, (1) erection on staging, (2) erection by 
floating, (3) erection by pushing or rolling out and (4) erection by 
overhang of building out from supports. The first two methods are 
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suitable for ereobiog single unconuested girders; the third for erecting!, 
continuous girders and the fourth for erecting arches and cantilevers. 

222. Erection of girders spanning single openings.— Erection on- 
staging is the eimplest method, and the one commonly resorted to when 
the height is not excessive and the river is dry the greater part of the- 
year, or, at any rate, not very deep. 

223. Timber staging will be found economical when only a few 
spans have to be erected. The construction of the staging depends to a 
great extent on the design of the bridge and the size and weight of the 
pieces. A design for this class of staging suitable for truss girders of 
the Whipple Murphy type is given in figs. 122, 123. The lower boom 
(of pin oonnected bars) i.s laid on the lower camber blocks and the upper 
boom (of cellular riveted section) on the upper camber blocks. The 
erection of the bridge is began from one end and carried on to the other. 
When a length of the booms has been put together, the struts and 
diagonals are connected to these and so the work proceeds until the 
girder is completed. When both girders of the span have been put 
together in this way, the overhead bracing above and the platform 

' below are put iu. When this is done, the camber blocks are knocked out 
and the bridge is swung on to its own bearings on the abutments. If the 
bed of the river is bard and dry, the verticals of the staging may be 
footed into broad horizontal sills laid on the ground, but, if the bed is 
soit, piles will be necessary as shown in the figure, 

224. Iron staging js more economical than timber when a great 
deal of bridge ere‘.ting work has to be done on a road or railway at 
different sites as it is light and more easily transported. A very simple 
and ingenious form of this class of staging is shown in Figs, 12% to 127. 
It was designed and extensi vely used by the late Mr. Sullivan, Chief 
Engineer, for the oreotion of bridges on the Bolan Railway. It consists 
of a series of light wrongbt iron tubes braced together diagonally and 
horizontally. These rest on a platform of rolled iron beams and there is- 
a similar platform on the tops of the pillars. The staging is made in 
convenient lengths and similar parts are iaterobangeable so that it oan 
be easily adapted to any length of span or height of bridge. 

225. Floating completed girders out into position on pcbooons has 
been extensively resorted to where the river to be crossed is too deep for 
staging. This is done ei ther by floating the girders out bodily on pon« 
toons from the shore where they are put together or by using the pon» 
toons to support part of the weight while the girders are pushed forward 
from the abutment on which they are pot together. Both these methods 
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aie ahown ia Figs. 128, 129. la the case the gilders are usually 
erected oq a high staging on piles projecting from the shore and then 
taken on two or three flat-bottomed pontoons of the required buoyancy 
and deposited in their exact position on the piers. In the second case^ 
the usual practice ia to erect the girders on the bank on the centre line 
of the roadway supporting the forward end on a roller bearing. The 
rear end rests on a substantial trolley. To project the girder forward, 
chain or steel rope tackle is used which ia wound on a capstan by port* 
able engines placed at the rear end. Tho fore end having been drawn 
out a short distance from the abutment, the pontoon, on.which a stage 
of the required height has been previously erected, is floated underneath 
the projecting end and firmly secured to it, It is then floated across 
the stream with the girder on it to the pier. When the giider is oyer 
its bearing on the pier the pontoon is withdrawn. 

226. Rolling out girders is a system generally adopted with 
continuous girders. Spans that are not continuous over the supports 
cannot be erected in this way without elaborate staging to support the 
weight of the projecting portion or temporary connections between the 
girders to make them act as continuous girders while they are being 
rolled out. This system is particularly advantageous where a bridge is 
designed to cross a river in several spans of moderate size or where a 
viaduct has to be c arried acros a deep gf>rgo. >qq Fig. 180. 

Fig.t30. 



•**Civil Engineeriag” by Vernon Hate art. By ;^0rxni8glou of publiBhers. 
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The abov6 figura^ illustrabas the system of rolling out adopted for a 
viaduot of oonsiderable height as well as the utilisation of the projecting 
girder as an overbanging staging from which by the help of a crane at 
the extremity the tall iron piers were built up. 

The only objections to this cheap and simple method of erection are 
the Docessity of stiffening the girder to withstand the special stresses to 
which it is subjected temporarily during erection quite different from 
those it has been designed to bear in its final position. These temporary 
stresses, however, can be reduced considerably by the provision of 
additional stiffening pieces to strengthen the girder during erection and 
by supporting the projecting end by steel wire ropes passing over staging 
erected successively over the piers and anchored to the inner part of 
the girder. 

227. Building out from the piers or abutments without staging is 
a system suitable for the erection of metal arches and cantilevers. 

The feasibility of building out large metal arches from the springinsrs 
without any temporary intermediate support till they meet in the centre 
of the span is one of the chief advantages of the metal arch type of 
bridge when built over a deep narrow valley or across a broad and deep 
river flowing with a high velocity. The steel tubes of the upper and 
lower members of each rib of the St. Louis bridge arches were built out 
in 12 feet lengths from the springiags with their intermediate bracing 
fora quarter of the spg,n on each side, being supported like a bracket by 
their attachments to the pier. The other quarter portions up to the 
centre of the "span were gradually extended by supporting the projecting 
lengths by a series of iron bars passing over a temporary timber tower 
erected on the pier and fastened to the corresponding projecting length 
nf rib on the opposite side, the whole forming a temporary balanced 
double cantilever with a simi^r arm on each side of the pier. At the 
abutments, the tie-bars passing over the tower were secured to the shore 
viaduct behind, there being no oorrespon ding length of cantilever on the 
shore sid e as in the case of a pier. The changes in length of the long 
coupled bars supporting the projecting ribs due to variation in tempera¬ 
ture were adjusted by raising or lowering tbe supports on top of the 
tower, these supports being moved ^lightly up or down by regulating 
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the pressure of hydraulic plungers on which they rested. See Fig,’*' 
131. 


rig ^3' 
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Each half span of the Niagara Palls and Clifton Arch wasjbuilt out 
from the abutments by a very similar method. 




Building out from piers on each side is specially suitable for tho 
erection of symmetrical double cantilever bridges such as the Forth and 
Niagara bridges already described because the cantilever portions are 
subjected in the process of erection to exactly the same strains as those 
which they are designed to bear when completed. It is only the rela¬ 
tively short central girder which does not share this advantage as it has 
to be built out in halves projecting from the cantilver and tied back 
temporarily by strong ties connecting its upper flange with that of the 
cantilever at their janction ; these ties are removed when the central 
girder is connected in the middle and rests as an independent girder on 
bearings in the end pillars of the cantilevers. The erection of the Forth 
bridge by building out symmetrically and simultaneously from the piers 

*Fig8,138, 184 f»ojD * Engineering** by Vernon Haroonrt, By permission 

of pubiisbers^ 












CHAPTER VIl 


144 

is illastrated at three diSareut stages in Figs.* 132 to 134. The tempo¬ 
rary ties connecting the upper Banges of the central girder and oanti* 
levers during erection should be specially noted in Fig, 134 where they 
are shown by dotted lines. Fig. 132 shows the lifting arrangements by 
W’hich pieces were raised from boats on the sea below the struotnre 
and placed in position and the working stages from which the pieces 
were put together and riveted, 

228. Testing girders after erection. —When a large girder bridge 
has been completed, the girders are usually tested before bnng brought 
into use for deflection and oscillation under the heaviest moving load 
to which they are likely to bo subjected. If the bridge is on a 
railway, a heavy train consisting of two locomotives and the longest 
line of goods waggons ever likely to be used are first brought very 
slowly on the bridge and allowed to stand on it while readings of 
deflection are taken in the centre of the span. The train is run 
00 and the permanent set noted. The train is then run over the 
bridge at the maximum permissible speed and the deflection and 
oscillation of the lower boom during transit are noted. The readings are 
taken automatiically on two pieces of paper fixed horizontally and verti¬ 
cally on boards secured to an independent staging erected from the river 
bod up to the level of tbs lower boom but not toiohing the iron work 
anywhere. Pencils working against springs are clamped to the lower 
boom pressing drmly against the test papers—one vertical, the other 
horiz3ntal—and the movements of ths girder are automatically recorded 
by the pmcils. The vefbical reading represents the deflection and the 
horizontal the oscillation. 



Jl CHAPTER ON STEEL BRIDGES 

By L. H, Swain, b so., a.m.i.o.e., Bridue Engineer, Oudh and 
Rohilkhand Railway, Lucknow 


PRELIMINARY. Section 1 

1, Evolution,—The science of bridge-building aflfords an interest¬ 
ing example of evolution, and a study of steel bridges may be advan¬ 
tageously prefaced by a consideration of the simple beam and the forces 
and stresses which act in it. There is do doubt that the log of timber 
hewn down and thrown across a gap was the earliest example of bridge¬ 
building employed by mankind. Subsequently when a more regular 
beam was required, the logs or tree trunks were ‘^squared** and we come 
to the form of the simple rectangular beam which even survives today 
in those countries where good straight trees are plentiful. In America 
and Australia the timber viaduct has been and is still largely employed in 
pioneer construction. The timber beams employed in this work are of 
standardized dimensions, usually 18 inches by 9 inches, 20 inches by 10 
inches, 21 inches by 12 inches, etc The larger dimension indicates in 
every case the way in which the timber is to be placed, since the strength 
of a beam of given area is proportional to its depth. 

2. Theory of Bending.—The simple theory of Lending has formed the 

basis of evolution in design. Con¬ 
sider the forces which act across 
the section of a beam, vide Fig. 1, 

In any beam there is some in¬ 
termediate line called the neutral 
axis about which the buaiii bends 
and tbc stress in the material of 
the beam increases on eithsrside 
of this line as we recede Irom it 
and approach the top or bottom 
of the section. The maxjinum 
stresses are reached at outer top 
and bottom fibres. The stresses 
on the two sides of the neutral axis are of opposite sign. In a -imply 
supported beam the top is in compression and the bottom side in tension 
and evidently the criterion of strength of the beam is themaximum or skin 
stress induced in compression or tension in the top or bottom fibres 
respectively. 

' According to the size of the scantling and the maximum permissible 
stress allowed either in tension or compression, we get a certain resist¬ 
ance to bending of the beam which is called the Moment of Resistance. 
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3. Moment of Resistance.— -The moment of resistance of a. 
beam is the measnre of its strength. 

In the case of a simple rectangle, the moment of resistance is calca- 
lated by the well-known formula— 


hd^ 


where /« maximum permissible akin stress 

b s= breadth of the beam 
d = depth of the beam 

This formula is of course a special case of the general formula— 


M = /X V 


where M = bending moment 

f ss the stress in any fibre 
I == Moment of Inertia of the beam section about 
the neutral axis 

y == the distance from the neutral axis of the fibre^ 
corresponding to the stress /• 

Returning to the simple beam where 

Mt = /X -g-» 

it may be observed that the moment of resistance is proportional to the 
area of the beam section A c: 6 (i# multiplied by the depth and may be 
writtten 

*M,=/ X -r X d. 


Hence it is apparent that of the total area of the section the equiva¬ 
lent of only one-sixth part (Fig. 2) is fully occupied at top or bottom to- 



Fig.: 2. 


allowauoe must be made. 


resist bending. The rest of the tim¬ 
ber so far as this purpose goes is 
wasted. It is therefore evideut that 
the rectangular beam is not an econo¬ 
mical one. Moreover it would appear 
at first sight that one could cut away 
or do without the middle two-thirds 
of the section. This however omits 
the consideration of another feature 
in the mechanics of a beam, namely 
the shear action, for which 



4. 


w. 
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Bhear.^The shear forces in a beam are ihe direct effect of the 

vertical external forces acting 
op it which include the loads 
on the beam acting down* 
wards and the reactions of the 
supports acting upwardsi 
vide Fig, 8. The nett shear F 
on any section A-A is the 
summation of the loads and 
reaction to one side of it hav- 
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ing due regard to the sense or si^n t m. 

and IT ^ y of the forces. The nett shears Ft 

ADd 1^1 on the two sides of the secfmn i j . . * 

section are equal and opposite in sign. 

This is evident from considerations 
of equilibrium and constitutes the 
state of stress known as shear. The 
total shear force F acting on a ver¬ 
tical section of a rectangular beam 
is distributed over that section in 
the form of a parabola as shewn in 
Fig. 4. The horixontal ordinate at 
any point on the vertical section 
gives the intensity of shear stress 
at that point. The maximum shear 
stress occurs at the neutral axis and 
is zero at the top and bottom of the 
section. Further it may be obser v- 
^ed that the bulk of the shear is^taken on the middle two-thirds which 
part formerly appeared to be wasted. Hence the middle portion of the 

beam is doing some work. It will 
be found, however, in the case of a 
rectangular section that the maxi¬ 
mum intensity of shear is not up to 
the standard permissible. There is 
therefore a surplus of material 
which can be dispensed with, In 
practice the requirements are 
met by leaving a vertical strip 
of section called the web and 
the economical girder takes 
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th6i form shoivii in Pig 5. This is ths gensrsl form of ilieel boams and 
ptfttv girdsvs. 


S. “ Prinoiipal ” stresses in a Beam. —The combined effect of 
bending and shear action at any point in a beam can be represented by 
two principal stresses (tteis Ellipse of stress) at right angles and it is 
l^^hly instrnotiye to dr§w the lines of principal stress in a loaded beant 



shewn in Fig. 6. The full lines are compression lines and the dotted 
lines are tension lines. A study of this diagram will give an immediate, 
conception of the principal forces in a girder, and it will be apparent that 
a beam considered fundamentally if a combination of an arch and a sas* 
penaion bridge. This has a practical application in the construction of 
reinforced concrete beams. It also indicates what the lines of evolution 
are in the case of a lattice or open web type of girder. 


THE ECONOMICAL SPAN. Section 2 


6. OontroUing Features.— Assuming that the location and 
lapgtb of a bridge have been determined by general considerations of 
alignment, riy.er coarse, flow of water, clear waterway, eto., the length of 
a itpit span has to be decided. The length of unit span adopted will 
depend oq the nature of the river bed and the height of the piers and the 
depth of foundation required. In special cases in navigable rivers the 
span may be determined by the necessity of providing a certain width 
o.f clear waterway and a certain height for vessels to pass under. The 
ordinary procedure however where these coosiderations do not apply is to 
determine the length of span on eoouomical grounds by balancing the 
cost of the foundations against the cost of the superstructure. 


7. The Economical Span. —The economical span is determined 
as follows. Assuming’that the width of the required bridge is fixed by 
the necessary provisions for traffic including number of railway tracks,, 
width of roadway, footways, etc., as the case may be, then the cost of the 
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iWnag system may be assamed ae a fixed amemil. It ioetades orose 
girders, longitudiaal bearers, track timbers, troagbing, ballast, patieg, 
decking, etc., which represents a certain cost per fpot rap, ipdepeodent of 
the length of a span. The cost of the main girders for a giren length 
of bridge! howerer, will increase proportionately to the length of the 
spans adopted. The weight of a girder to carry a fixed load per foot run 
is proportioual to the square of the spaa, siaoe the maximacn beading 

W X 

moment M = ^, where W = weight per foot run and l=spaa in 

feet. 

It nupiber of spans in a bridge of lengths L; 

P 3= cost of one pier, 

O ss oost of one pair of main girders 
k say, where is a constant; 

theq the total oo^t of main girders and piers 

s (P + kl^) which must be a tpinimurq. 

But n = 

therefore total cost 

C= p(P +W*)....(1> 

Differentiating this with regard to 1, 

dQ _ —P , ^ 

=* L + k). 

For this to be a minim am, ^ = O 
hence ^ = ft 
therefore "P = G. 

Hence the cost of one pier should be equal to the oost of one pair of 
main girders. 

It may be noted that the above oalculation assumes that the cost of 
one pier will be 6xed and independent of the span. This is not strictly 
true in a wide range of spans, although the depth of the foundation will 
be fixed and there is a certain minimum size ofmior or well that can be 
adopted, and the assumption is sufficiently true for the range of span 
envolved in the consideration of any particular case. The proposition may 
be summarized in a few words. For a given total length of bridge, the cost 
of the piers increases as the number of spans, and the cost of the main 
girders decreases as the number of spans, and the greatest economy is 
reached when tbe> total cost of the main girders and the piers is equall3r 
divided. Thi^ fixei^ the length of apaD« 
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4 . 8« StftQdErd BpftUB the oonstFUCtion of railways in 
ihfi following Btaudard lengths of span are used 


plate girders] 

Lattice girders 

10 


100 

ft. 

15 

if 

160 

^1 

20 

II 

200 

if 

30 

II 

250 

If 

40 

ft 

300 

II 

60 

II 

350 

tt 

80 

II 




India 


The same standard will apply to the spans of steel road bridges where 
put in as in general they are oonstructed subsequently to the railway 
bridges and the piers are placed oonformably. 


9, Olear Span.— As a rale when a certain span is nominatedi 
e.p.i at 100 ft« span it means olear span as distinct from the effective span* 

10. Effective Span. —^The effective span is fifed by the position 
of the pier reaction and is the basis for design and calculation of the 
girders. 


DESIGN AND SFBOIFICATION. Section 8 

11. External Forces. —The dimensions of a girder are fixed by 
A consideration of the maximum bending moment and shear produced on 
«ny part by th^ following external forces which may combine at any one 
time to produce stress in a member!— 

(1) Fixed load of structure. 

(2) Moving load on the bridge* 

(3) Wind and other forces causing lateral deflection and oscillation* 

(4) Traotion and braking forces* 

(5) Forces due to horizontal curvature of track. 

(6) Forces due to change of temperature. 

12. Fixed Load.—l!he fixed or dead load of a structure is the 
total weight of the material in one span supported between the bearings* 
It is determined by computation. The magnitude of the fixed load is not 
known accurately until the bridge is designed* so for the purpose of preli« 
minary calculations it is necessary to assume some figure for the fixed 
load obtained either from a formula giving the weight of type spans to 
earry a certain load for different spaa lengths* or by comparisoo with 
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similar straotares. Due acoount has to be taken of any variation from 
previons types, and by experience it is generally possible to make a 
fairly olose preliminary estimate of what the dead load will be. 

18. MoTing Load— The moving load comprises the live load 
effect of the traffic on the bridge. It is fixed according to certain stand* 
ards according to the class of traffic for which provision is made. The 
standard employed will be that standard of loading which covers the 
heaviest traffic which the bridge may be expected to carry in its lifetime* 
In the case of railway bridges, the heaviest train loads are covered by 
tables ot loading which specify for all spans the unit load in tons per foot 
run of track which if uniformly distributed over the length of bridge 
under consideration will give the worst effect of any train load which 
the standard is intended to cover* 

/L copy of the Government of India Tables for B **+25%) Stand¬ 
ard Loads for Railway bridges of various spans is appended to the 
Manual. 

14. Impact Allowance to Moving Load. —It is important to 
observe that allowance of moving load must include besides the net^ 
effect of the load according to standard, an additional load to cover tho 
dynamic effect of movement which causes the moving load to produce 
a greater deflection and greater stresses ia the members whilst passing 
at speed over the bridge than it would do as a mere static or stationary 
load. The allowance for impacQ is added to the nett live load, and tho 
figure thus obtained is used as a static load to determine the total effect 
on the members. 

The inoreuient for Impact on Railway bridges to be allowed on tho 
moving train load (Mt) is to be calculated by the formula. 

Impact allowance -g?^«(Mt) (Railways) 

where L is the length in feet of that portion of the span which the train 
has had to traverse to reach the position which gives the maximum 
stress in the member under consideration. | 

In the case of Road bridges the impact allowance may be taken aa 
only half the allowance required for Railway bridges, namely, 

Impact allowance } X (Mt) (Roads) 

SOO-f-Ii 

15. Wind loads and racking forces —One of the most 
essential features of modera desigu is the provisiou of adequate and rigid 
system of braoiug to resist transverse forces which oome into play 
on a bridge due (1) to the horizontal force of the wind whiob, aoting 
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OQ tb4 Qxpoeed area of the bridge and aUo ttn the area ef the brhia 
vhilst on the bridge, oauaes the spaa to aot a« a girder io a horiioaial 
plane, and (2) the oscillation due to unbalanoed forces in the looouotiTe 
necessitating the provision stronger wind bracing in the horizontal plane 
than is required for wind effects alone and also rigid bracing at inter- 
Tals in a vertiol plane connecting the two main girders together, 

16. Traction and braking forces— The traction and braking 
'forces are of considerable importance in high viadncts as affecting the 
etability of the piers, which may need special oonsideratbn in some 
cases. The tractive force or breaking effort puts a longitudinal stress 
in the bridge parallel to the girders. It acts first on the flooring system 
and directly afleCts the stresses in the wind bracings, and is theiiCe 
transmitted to the booms of the girders alid from them to the bearings 
and to the piers. 

17. Forces due to horizontal curvature of the ^ track —The 
external forces ioclnded under this head are those which occur in the 
case of bridges where the track is on a curve and include both t^ 
horizontal effect of centrifugal force on the moving load and the eccen¬ 
tricity of loading on the main girders. The latter effect cf onrvati^re 
causes an unequal distribution of load on the two girders and in some 
oases the excess on one girder may be considerable. 

18. Temperature stresses —Stresses due to change of temper- 
atnre are as far as-possible eliminated by the provision of expansion 
joints or bearings and normally they need not be considered in the 
oases where expansion is provided for as in girder bridges. They are of 
most importance in the oase of aroh bridges of the two pin or rigid type. 
It may be remarked however that where one end of a span is made 
movable to permit of expansion movements, the practical features of 
design introduced must be attended to, and this applies particularly to 
spans of 100 feet and over which require one end of a span to be placed 
on expansion r(A:kers. 

‘ 19. Stlrnctural steel British standard specification— The steel 

employed in the manufacture of bridges must be up to a certain 
Standard of quality which has been specified in the British Standard 
Specification as follows:^— 

The steel shall be made by the Open Hearth Process (Acid or Basic) 
end most noo shew on sDalysis more than *06 per oeut. of sulphur or 
phetq3ho#a& The tensile breaking atrengtiih of the steel seuiioiia must 
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nob be less than 28 boas per B<}iiare inch n^r etoe^d 38 tons per square 
inch wibh ao elflngabion of nob less bhan 20% on an 8-inoh test lengbh. 
Bireb sbeel musb have an nlbimabe tensile strength of not less than 26 
tons per square inch and not exceeding 80 tons per square inch with an 
elongation of not less than 26 % on an 8'iach test length. 

20. Working stress for steel bridges —Based on the above stan¬ 
dard of material used, the following unit working stresses may be 
permitted in the sbrnoture. 

The figures given are the maximum permissible stresses and are iit 
'hocordanoe with the latest British standard specification for Girder 
Bridges JTo. 158 -Parts 3. 4 and 5—1928. 

SteA 

Toiit per 6q. inch. 

(1) Tension, axial, on net section ... 8 

(2) (a)—'Compression, on gross section of 

compression boom of plate 

girders ... ... 8(l—‘0075-^^ 

L is the greatest unsupported length 
and W is the width of the boom, 
provided that the gross area of 
the compression flange shall 
not be less than the tension 
flange. 

(&)—Compression, on gross section of 
compression members of truss 
and lattice girders with rivetted 
connections ... ... 8(l—-0083 

(c)—Compression, on gross section of 
compression members oi truss 
and lattice girders with pin 
connections ... .. 8(l— 

Subject to a maximum stress 
under (6) and (c) in all oases of 6*8 
L is the greatest unsupported length 
of the member and r is the 
least radius of gyration. 

{8) Shear, on gross section of web plates 5 
Shear on shop rivets and tight-fitting 

turned bolts ... m 6 
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Shear hand'driven field rifeta and 

black bolta eee eee 

(4) Bearing, on shop rivets and tight- 

fitting turned bolts .«• 12 

Bearing, on hand*driven field rivets 
and blaok bolts ... 10 

In oaloulating the intensity of stress due to any combination of 
loading, it is permissible to ignore the efieot of wind pressure on the 
members of main girders of bridges providing suoh efieot does not exceed 
269^ of the total working stress (excluding wind). This relaxation is 
based on the assumption that during a gale of wind, the train will move 
at such low speeds that the effect of impact will be very small. 

21. Bending moment and Shear Action —Before the scantlings 
of a girder can be fixed it is necessary to know the maximum value 
of the bending moment effect and the shear action at all points along, 
the span. 

The bending moment and shear diagrams for simple beams are 
familiar to the students of Applied Mechanics and be knows the shape 
of the diagrams in simple cases. The diagram, Fig, 7. shews the 

^ variation of bend* 

BENDING MOMENT DIAGRAM ing moment oa 

a uniformly load¬ 
ed beam and is 
represented by the 
segment of a para¬ 
bola, The shear 
diagram for the 
same loading is a 
straight line cut¬ 
ting the base lino 
with zero value at 
the centre of the 
span. It is appa¬ 
rent that the shear 
at any point is a 
measure of the rate 
of change of the 

bending moment and is in fact proportional to the differential co-^ 
efiScient of the equation to the bending moment curve. This is true for 
any system of static loading. 
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The partioalar case sbewa in Fig, 7 gives a general conception of 
what the beading moment and shear variation will be on any bridge. 
It will be observed that the booms which will resist the bending moment 
will have to bo strongest at the centre of the span, and the web system 
which resists the shear will have to be strongest at the ends 

22. Rolling Loads —In the case of a uniformly distributed rol¬ 
ling load coming on to a span the value of the bending moment and 
shear effects vary according to the position of the load. 

In the case of the bending moment it is evident that the maximum 
efiecl for all points along the span occurs when the span is fully covered 
by the load, and the diagram of maximum bending moment is a parabola 

as before tiicls J’ifli. 7. The maximum ordinate=a^^—where w is the 

unit load per foot run and 1 = the length of the span. 

In the case of the shear under a rolling load, however, the maximum 
value of the shear at any point along the span occurs when the front 
of the moving load has just reached that point in traversing from the 
further abutment, Consider the maximum shear at point P. Fig. 8. 

SI 

iO 

MOVING LOAD 


~ w.P. Ft. HUN 



If a distance from the further abutment, shear at P. is equal to the 
reaction. Ri. 

B 

By moments Ej x -f — X'~%~ 


Ki — 2i 
tOB 


♦.s. PQ =5 E, 
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\ H^xio^ tho^ e<juatioa to the curve of ma^mom shear is also a jparahola 
the maximam value ia when 

0 ) s= 1 

. o w 1, 

t.a, S max.as- g - - 


28. Influence Lines— It is of interest to note a convenient 
method of determioing the variation of shear due to rolling loads by 
ih^ana of influence lines. 


A simple case is shewn ia fig. 9. AC and BD are set o9 to a scale 
equal to w the unit rolling load per ft. run. Join CB and AD and drdw a 



vertical through 
Then the area of the 
triangle PQB gives 
the shear due to reac¬ 
tion B j and the area 
of PBA gives the 
shear due to reaction 
Eg if the load comes 
on the other way. 

The area of 

pqb=!2^ 



=B. 


Similarly area Of PBA=R 2 when the load comes on from left to right. 


PLATE GIRDERS. Section 4, 

24. Use and Limitations. —Plate Girders are employed for 
bridges up to 80 feet span where heavy loads have to be supported. They 
i^e thh stsndhrd type of girder for railway underbridges up to that span 
and their relatively simple construction and durability in services rebd^r 
them of particular utility. For spans of over 80 feet economy in material 
demands the introduction of the open web or lattice girder which will be 
discussed subsequeutiy. The evolution of the plate girder has already 
been described. It is now intended to deal with the design of a plate 
girder and the deter min ition of its soantlinga for a specified stahd^M of 
loading. 
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26. 8talii(iard Typed. —As plate girders are lir^ely employffl 
for railway deck tpaQs it) will be ooorenisQb to deal with the features of 
standard girders employed on railways in India designed up to ihe 1908 
Government of India standard of loading for railway nnder-bridges. 

26. Depth over angles —The depth of a plate girder should be , 
proportional to its span and the economical depth iB generally one’tenth 
^ of the span. 

The following table gives the" depth ratio "for standard plate 
girders:— 


I, S. R. Standard Plate Girders. (5' -6" Gauges). 
1908 Loading 


Clear Span 
S 

Depth Over Angles 

D 

^ S 
Ratio 

Ft. 


Ft. 


10 

Rolled steel beams l'*6" 

6*C7 

12 

Do. 

1'.8* 

7-2 

15 

Do. 

2'.0" 

T*® 

20 

Do 

2'.0" 

10*0 

£0 

Builb girders 

8'j8" 

9*23 

40 

Do. 

4'-0'' 

10* 

60 

Do. 

5'.9'' 

10*67 

80 

Do, 

7^3* 

11*02 


27. Deadweight.—The following gives the nett weight of steel 
fwork in standard spans:— 

I. S. B. Standard Deck Spans (S'-S" Gauge). 


1908 Leading. 

Clear Span Ft. Nett Weight Tons.' 


10 

1*36 

12 

1«86 

15 

2*28 

20 

3*99 

80 

7*67 

40 

11 *96 

60 

24*27 

80' 

44 **84 
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Por spans of 40 feet clear and over the following foimnla gives very 

closely the weight of 1908 standard spans for single track. 

% 

D >007 __ FORMULA, 

where D weight m tons 

I clear span in feet. 

28. Effective Span of Plate Girders. —The effective span depends 
on the length of the bearing plate. The following table gives the 
particulars for standard.spans and the effective span is determined by 
assuming that the reaction of the support occurs at a point oae?third of 
the length of the bearing plate from the edge of the support. This is 
based on the assumption that when a span is loaded the deflection causes 
the weight to be distributed on the bearing in proportion to a triangle of 
which the centre of gravity is one*third from the face 


1. S. R, Standard Spans 


Clear Span 

Length of 

Over All 

Elective 

r%. 

Bearing Plate 

Length, 

(Span* 

10 

1'.4" 

12'.8" 

ll'-l" 

15 

1'.6" 

18'-0" 

IG'-O" 

20 

I'-6*' 

23'-0'' 

21'-0'' 

30 

l'-9» 

33'.6" 

31'-2" 

40 

2'.0» 

44'.0'' 

41 /. 4 » 

60 

2'.6* 

66'.0*' 


80 

3'-0' 

86'-0'' 

82'.0'' 


f 

29. Thickness of Web. —The first scantling to fix in a plate 
girder is the thickness of the web plates which is determined by two 
considerations. The theoretical consideration is the maximum shear 
stress, and the practical consideration is the minimum pitch of rivets to 
be employed in connecting the boom angles to the web at the end of the 
girder. 

The maximum shear is determined by oonsidrationof the total dead 
and live load and the consecj^ueut maximum reaction at one support. 

Let D = dead weight of span including weight of 
decking and track which must be added to 
the nett weight of steel work 

then Dead load Reaction = since the span's supported at four points. 
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The live load is determined from the standards given in table 3, 
p. 88. Referring to the latter which covers a range of spans from 6 to 600 
feet it will be observed that against each span is given the load per foot 
for both 5'-6* and metre gauge loadings. Call this w then referring to 
para. 22 the maximum end shear is equal to which is divided on 

two girders. At this sta ge the impact factor must be introduced and we 
^et the maximum live load reaction at each bearing including impact 

M s ^(1 + 0 where 
Ud ssz depth of girder 
t = thickness of web 

and fs = shear stress 
"Total end shear reaction on one girder 

8=! X + -^(1+*) XfX/« 

If fa is hxedp then t is|d6termined. 

In practice it will be found in modern deep girders that t determined in 
this way will be extremely small and in all cases it is necessary to 
•check the thickness thus determined by calculating the bearing soress 
|in the rivet holes. 

In the above calculation it is assumed that the shear is uniformly 
distributed on the vertical section of web. This is not strictly true 
because, as was pointed out iu para. 4, the distribution of shear on a 

vertical section of a beam is parabolic. The 
aesumtion of uniformity is an approximation 
which is commonly adopted |in plate girder 
design for simplicity. For the purpose of deter¬ 
mining the rivet pitches at top and bottom the 
assumption is on the safe side though it is 
found to be rather wide of the mark where 
investigations of old girders are under considera¬ 
tion. For the purpose of design, however; we 
can assume that the state of shear induced in 
the web is the direct effect of the horizontal pull 
and thrust on the rivets connecting to the' top 
and bottom flanges, vide fig« 10, ponsider a 
vertical strip of web of width equal to one 

rivet pitch 
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If lijX: dUtianoe^:babv«ea the upper and lower lines of rWets and 
I’m bociaontaV ferae on one riveti the vertical shear conple is balaaeed 

Ihft horinontal oonple and we have 

Sxp = FXd, 

If /Bssbearing stress in the rivet holes of area a then F ss/Bx o. 
therefore S Xp=/B Xa Xd,. 

« a ” is fixed by the size of the rivet and the thickness of plate and it 
is necessary to work out what the value of /B is, which should not 
exceed 12 tons per square inch. The pitch ‘’p” cannot in practice be 
made much less than 3* so that this is a criterion which will determine 
•• a *’ aod hence the value of 

In practice “f” shonld never be less than 3/8" and generally for eco¬ 
nomy will not exceed V' sufficient 

Having fixed the end thickness of web the thickness throughout the 
girder will depend on practical considerations. It is common to main- 
the same thiid^ness of web throughout. The thickness of web- 
sequires to,be known before the flange section can be designed, 

30. Flanges —The flanges of plate girders are generally composed 
of two main angles which make the connection to the web, and a certain 
number of flange plates. 

For the main angles of built up girders it is common to employ ar 
largo size section 6 inches by 6 inches by a sui table thickness, fo 
girders from 30 feet to; 60 feet span. For larger spans the main 
nngles may be 8 inches by 8 inches. 

The advantages of a wide section Of angle are it’s stiflness and the 
fact that double rivetting and a generally simpler construction of girder 
is secured. The main angles usually extend from end to end of the 
girder and besides forming an integral part of the boom to resist the 
horizontal forces of bending, they also provide local rigidity to the flanges 
at points of concentrated loading, e.g., where the sleepers are placed in 
the case of deck spans. 

Th,^ scantling of ma,ia angles and the size of flange plates required 
wUJ depend on the mcmenb of resistance required which must be eqaal 
to or, ip. excess qf the maximum being moment to whiohjthe girderjwilf 
b( 0 , qu^jeoted by,the external forces, 

81, Maximum Bending Moment.— The maximum bending 
moment will be determined by the dead load bending moment and that 
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due to Ihe live and impaet load. Tbe livo load ia determined by refer* 
'enoeto Table I which speci&es the total load for any span and the load 
per ft), run which are sy^nonympua (i.e. W=:wl). 

We now consider the total load on one girder, and the maximum 
bending moment is then 


B.M. - {5 + ^ (1 + i);} I WI 1 .M i = 


800 

300+1 


In order to equate the above bending moment to the moment of resis¬ 
tance of the girder it is necessary to determine the effective depth of 
the girder and decide whc^ portion of the total section may be oonsi* 
dered as resisting bending moment. , 


, - fxn 



'a 



Fig. n 


It) was shewn in para. A that tb» 
moment of resistance of a rectangular 
beam oonld be expressed as 

MR ta /X 4 Xd 

. and graphically tbie is represented by 
a couple Fig, 11. 

In the case of a plate girder, we 
take the effective area of the flange 

(equivalent to^^in the above equation)^ 


32. Nett Flange Section,—The nett section of a plate girder 
flange is to be calculated on 

n) The nett section of the two main angles 

(2) plus the nett section of the flange plates 

(3) plus one-eighth of the full section of the web plate. 

By the nett section is meant the area after deducting rivet holes. 

Now if we assume a uniform stress of 8 tons per square inch over 
this area and calculate the position of its centre of gravity, we fix the 
effective depth of the girder and the moment of resistance is equal to 
j(fB=:aX8xd which must be equal to or greater than the maximum 
bending moment. 

As a first approximation it cau be assumed that the. centre of gravity 
of the boom section will be about one inch below the root of the maict 
angles. Hence '"a’’ is fixed. 
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We know iteona (1) and (3) io the abivs nett area, henna we deter* 
imn0 item (2). 

In actual practice a certain amount of trial ."aad error is involred 
beoaute the problem is effected by practical considerations of standard 
«izes of flange plates and the arrangement of rivetting and the number 
of rivet boles whieb come in line, which must be deducted. 

A study of the standard type spans will shew that in the case of a 
30 feet span no flange plates are used as the angles are strong enough 
without. In the 80 ft. type two—plates are used in conjunc* 
tioD with two 8* X8"xf* angles. 

In ordinary plate girder design the bottom boom only is calculated 
allowing for the deduction of rivet holes and the top boom is made the 
same as the bottom boom {and is relatively stronger since well fitted 
rivet holes are not deducted in compression. 

83. Sises of Rivets.— 'The sizes of steel rivets used in structural 
filate work depend on the thickness of the platesjrivetted together. 

The following is the practical rule 

Ihiokneuol Diametet 

individual virivets, 

plates joined 

r r 

' i" - 

rtof' 

f" & over l'> 

In certain casej where spjcial shear strength is required on iu oases of 
an eiosssivex length of rivet wh ire cooling stresses may be excessive 
larger sizes of rivets may be used. 

The above diameters refer to the size of the holes. The actual rivet 
before driving will be^ less in diameter but it is supposed to fill the 

hole after driving hot. 

S4i. 60 Ft. Standard Deck Span.—It will be convenient at this 
atage to consider further details of dasigu by reference to a standard 
60 ft. girder. 

The oalcnlations applying to this are given on a stress sheet acoom* 
panying the type drawing in the Appendix (ses Plate ho, 8). " 

86. Onrtailnieiit of Flango Plates,— Having | fixed the number 
cf flanges plates it is usual to determine how these oan be curtailed where 
the B. M. is less towards the ends. This is best done graphically. The 
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individual moments of resistance of the various components of the flange 
at full section are worked out and the curtailment determined in the 
manner shewn on the stress sheet, allowing about 18'^ to 2 ft. overlap. 
In the case of the top flange in the 60 ft. design, the first flange plate 
is carried through right to the end. This is not strictly necessary but 
provides a more uniform and better looking top to the girder. 

Wbilst dealing with the flangej plates and their curtailment it is 
advisable to consider the position of the boom joints if required and the 
provision of suitable cover plates. 

36. Joints.—The joints in girders arb as a rule detern\ined by 
purely practical considerations. There are two main considerations. 

1. Transportation. 

2, Maximum length of rolled sections procnrable. The first has 
two features bulk and weight and both may be limited. In special 
cases considerable feats of traasportation have been done by rail bat 
for ordinary purposes the maximum length of steel girder pieces shipped 
to India should not exceed much over 40 feet. If portions longer ; than 
this are shipped they are liable to get damaged and sometimes cranked 
with rough handling. Many engineers specify that a built girder should 
never be laid on its side, as obviously it has very little lateral resistance 
this way and many become permanently set even under its own weight. 

Item 2 conforms to item 1. As a rule flange plates or angles can 
be obtained if necessary considerably over 40 feet, so that first factor 
limits. 

Web plates, however, are limited in total area which rarely exceeds 
200 square feet. Special plates can be rolled if necessary but may be 
more expensive, 

The 60 feet girder is built in two halves so that web and boom joint 
up at the same place. 

The design of cover plates for the joints in girders requires practical 
experience. The strength of the joint should not be less than the 
strength of the nett soantliug The number of rivets must be in excess 
of requirements of nett shear in the overlapping portims of the joint. 

37. Rlvetting.— To determine the number of rivets in the lap, the 
tensile resistance of the plate or angle as the case may be equated to 
the shear resistance of the number of rivets, and 20 per cent, in the 
case of field joints added to the number found to allow for imperfect 
rivetting. This rule is being modified and it is now considered that 
10 per cent, excess for field rivetting is sufficient. 
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88. Cover plates.— A note is hero required in reference to thic fc- 
nese of cover plates. These are usually made a little heavier than the 
metal which they cover. 

In the stress sheet for the 60 ft, girder is shewn a mid section 
through the cover plates and on account of the rather complex position 
ol the covers the strength of the joint is most easily and accurately 
checked by determining the moment of inertia of the section and cal¬ 
culating the skin stress by the formula. 

B. 

The stress is under 8 tons per square inch the permissible, hence 
the joint is good. 

Web covers are provided. They are double spliced. There is no 
special calculation applicable as the rivetting will generally be surplus 
to shear requirements. 

39, Stiffeners.—The next thing is stiffeners. These are com¬ 
monly fixed at S’-B” centres as a practical rule. They are an essential 
part of the girder in stiffening it np and preventing twisting. These 
are always required at points of special load concentration. They are 
useful in deck span for assisting in the connection uf sway bracing. 

40. Bearings.—There is now one other special point in the main 
girder ; the bearing. The student will note this is stifiened up by extra 
side plates. 

Assuming that tbej;eaction of *he bearing is directly taken on the 
boom angles and thence transmitted to the web, by the provision of the 
side plates, the total number of rivets in single shear is 40 or rather 10 
rivets in quadruple shear 120 cons as against a maximum reaction of 
90 tons. 

41. Bracings.—In the case of plate girder deck spans two kinds of 
bracings are required known as wind and sway bracing. These are 
shewn in plate no. 2. 

Wind bracings should form a triangulated system in a horizontal 
plane and are connected to the top booms of the two girders. 

Sway bracing usually occurs in a vertical plane at panel points, or 
at intervals in the span in a plate girder. 

The end sway brace frames are usually made specially heavy to 
brace up the girders and to resist the vertical and horizontal ’ shear 
reactions. 
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In the new 60 feet deeign it will be noticed that the horizontal wind 
bracing is made of 6"x6"'x7/l6‘' angles throughout. 

This is obviously not required to resist wind shear and in the earlier 
designs of 60 feet spans the bracings were reduced towards the middle 
to conform to wind loads. It has been found however, that the preveo- 
tioQ of oscillation requires a rigid and heavy bracing throughout. 

42| Standardization of Details —There is a general tendency 
in modern structural design towards standardization of details. This 
applies to gussets and wind bracing connections and for any connections 
throughont a span where the maximum requirements can be met by a 
standard detail or part withont sacrifice in economy of weight. A con¬ 
siderable economy in manufacturing processes is thereby effected and it 
is possible by interchangeability to greatly facilitate erection at site, 

LATTICE GIRDER BRIDGES. Sections. 

43. Lower Limit of Span.— When the span of a girder exceeds 
80 feet the ordinary plate girder ceases to be economical. In very 
special circumstances plate girders have been made of 100 feet span 
and over,.but for spans in this region, in order to preserve the propor¬ 
tion of depth to length, the amount of material required in the web of 
the girder is excessive and the advantages of the plate girder do longer 
hold. Accordingly for spans over 80 feet the open web or lattice type 
of girder is used. 

There is an exception to the above rule in favour of lattice girders 
for light foot-bridges which are generally of lattice type for all spans 
of 40 feet and over. 

44. Features of Lattice Girders,— The transition from the re-^ 
latively simple plate girder to the open web type introduces many new 
features and requires the application of the principles of statics of trian¬ 
gulated structures The girder has now become a cadre or skeleton 
structure the members of which are so placed and proportioned as to 
meet the primary needs and forces which occur in a beam. These forces 
are now concentrated in simple axial loads in the members which arc 
placed in the most suitable way to resist them. 

The evolution of the lattice girder has resulted in many different 
types, of which, the most important features may be classified under 
two main heads of differentiation. 
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These heads are :— 

(1) CoQtiDuous girders over two or more spans and simply support* 

ed unit spans. 

(2) Girders with different systems of web braoiog and panel for¬ 

mation. 

The question of continuous girders versus simply supported unit 
spans is of primary importance in special oases and from the point of 
view of economic, since continuous girders are more economical. For 
general purposes, however, the tendency has been towards the adoptions 
of unit spans freely supported at the ends and erected by understaging 
or other special means. It is of interest to note however that continuous 
girders can be employed with advantage to facilitate erection in di£Scalt 
places over deep gorges or navigable rivers. Further it may be noted 
that the cantilever type of bridge employed for very large spans (for 
example the Forth Bridge in Scotland consisting of 1700 feet spans) is 
an adaptation of the principle of continuous girders applied in a suitable 
way to a very large span. 

For the purposes of the present chapter it is proposed to consider 
the design of unit lattice spans up to 350 feet of the “through ’’ type 
which will normally be found in the plains of India. 

The different types of web systems employed for lattice girders will 
be discussed subsequently under “Framing the girder”. 

45. Rules for Design and Calculation. —The external forces which 
may be in action on aqy span have been enumerated and described in 
paragraphs 11 to 18, and in dealing with the design of plate girder 
spans reference has been made to those external forces apart from dead 
and live loads, namely impact and wind which invariably require con¬ 
sideration. It is now proposed to give in full the rules for caloulating 
wind pressure and the other external forces which were formerly only 
brieffy described and which are of relatively greater impprtance in 
larger spans. 

The following rules are quoted from the Government of India Rail¬ 
way Department Buies as proposed by the President of the Indian 
Railway Bridge Committee in 1921. 

46. Wind Pressure.—(.d) Find presBure on unloaded bridges :— 
' Unloaded bridges up so 300 feet span must be capable of resisting a wind 

pressure of 40 lbs, per square foot. Above this length a special 
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determination of wind pressure per square foot must be made, depend¬ 
ing on thelocal conditions. Bridge trestles must be capable of resisting 
a wind pressure.of 56 lbs. per square foot. 

(B) Wind 'prtsiure on loadtd bridges :—In the case of a loaded 
bridge the intensity of wind pressure may be assnmed to be not greater 
than that necessary to overturn a wagon; say 40 lbs. per square foot for 
the 5 feet 6 inch gauge, 80 lbs. per squre foot for the metre gauge 
and 25 lbs. for the 2 feet 6 inch and 2 feet Oinch gauges. 

The additional pressure on thedeaward rail is to be taken into con¬ 
sideration. 

The total area upon which the wind pressure on a loaded span acts 
is the nett area of the train surface above the rail for the highest vehicles 
plus the nett area of the superstructure exposed above the top of the 
train and the nett area below the rails. 


The nett area of the superstructure above the top of the train and 
below the rails must be multiplied by the following constants to allow 
for the olfest of two girders. 

(a) Plate girder deck spans with a solid deck ... ... I'OO 

(f>) Plate girder dick spans with open deck between the 

girders and plate girder through spans ... ... 1*25 

(o) Open web girder spans with solid decking ... ... 1*50 

(d) Open web girder spans with open deoking also trestle 

piers ... .. ... .. 175 

In the case of double track bridges eaoh of the above constants is 
to be increased by 0*25. 


47, Temperature Stresses— Stresses due to change of tem¬ 
perature are to be computed for a range of temperature of 100 degrees 
Fahrenheit or for such greater range as the oiroumstaneea of the case 
render necessary. The coefficient of expansion per degree Fahrenheit 
may be taken as ‘U00006. 

48, Traction Loads —Traction and brake loads are to be taken 
as a horizontal force acting at the rails of eaoh track in the direction of 
the moving train, and are to be computed as one-seventh of tbe vertical 
train load {see Table 11), 


49. Oentrifugal Force— The centrifugal force due to a train 
travelling on a carve should be computed as that fraction of the train 

V* 

load given by the formula.—-— in which V is the velocity of the train 

16 n 


in miles per hour and K is tbe radios of tbe carve in feet. 
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SO, Alternating Stresses.—Members subjected to alternating 
tensile and compressive loads shall be designed as struts capable of re¬ 
sisting the greater load plus half the less, except in the case of wind 
bracing which may be designed to resist only the greater load. The 
rivetted end connections of members subject to reversal shall be design¬ 
ed with sufficient rivets to resist the sum of both the loads. 

The existence of reversal in the web system of a girder is illustrated 
in Fig 12. The curves A and B in the figure represent the live load 



shear diagrams for a train moving in opposite directions. The line C is 
the dead load shear diagram. Where this line intersects the two live load 
curves draw verticals through P and Q; then the space between P and Q 
in the range of reversal of stress in the web system. Consider the train 
moving from right to left, then the total shear at any point is the sum of 
the ordinates of the diagrams A and 0 of live and dead load respec¬ 
tively, At any point beyond the middle of the span the dead load shear 
becomes negative and at the intersection of A and 0 the total shear is 
zero. It is clear that for all points between the maximu m at the end 
and the point P the shear stress is of one sign. By similar reasoning 
if the train passes from left to right, the shear between Rg and Q is 
of one sign but opposite to that betweeu Bj and P, Hence the range 
PQ is subject to reversal of stress, 

I may be observed that such reversal uot only occurs, when a^'train 
•comes on in the opposite direction but it occurs also when the same 
train is passing oflf the span, and it will be apparent t hat in the ease 
of a single engine or heavy load concentration passing at high speed 
over a span^the revetsal of stress is extremely rapid, 
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51, Framing the Girder..— The oubliae of a girder is generally 
framed according to a ceibain type. Girders are frequently described 
according to the shape or run of the booms, whether parallel 
or bowed, etOi This feature, however, is of less fundamental importance 
than the triangulatiion of the web system. The following features will 
have to be decided in framing the girder 

(a) “Through’’ or “Deck” span. 

(b) Depth of girder at the centre. 

(c) Depthofgirder at endsinthecase of “bowstring** girders. 

(d) Number of panel points. 

(e) Type of web system. 

Item (a) is determined by consideration of headway underneath the 
bridge. As a rule the general elevation of the railway or roadway will 
be 6xed by the nature of the surrounding country and there is a limited 
amount of grading up that can be economically resorted to. If, therefore 
a certain miuitnnm headway under the bridge is required for the 
passage of flood waters, craft, or vehicles in the case of a roadway, and 
at the same time the surrounding country is flat as in the plains of 
India, a “through” type of bridge is invariably adopted. In a “through** 
bridge the load passes between the girders and the depth from rail or 
road surface to the underside of the girders is the least possible. On 
the other hand where a bridge crosses a deep gorge or valley and there 
is no limitation of headway under the bridge it is common to adopt a 
“deck** type of span for spans not exceeding 300 feet. There is a 
certain economy in this as it is frequently possible to lighten the floor 
system if carried on the top of the main girders as is the case in plate 
girder deck spans where the floor system consists only of sleepers. 
In the case of large spans, however, the main girders have to be placed at 
a certain minimum distance apart to ensure lateral stability in the 
I horizontal plane and it is, therefore, not possible to dispense with cross 
girders and floor system the same as is required in “through” spans. 

Item (6) in modern girders is fi^ed at a considerably greater propor¬ 
tion of the span that is possible in plate girders. In lattic girders the 
depth at] the centre may be as much as one^seventb or one-fifth of the 
span. This makes for economy in the booms and reduces deflection. 
The saving in tho booms is at the expense of longer web memb3ra. 
In recent designs of 100 ft. lattice girder spans where overhead bracing 
has been adopted, the depth of the girders is one«fifDh of the span. 
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Item (o) is subject to practical and structural limitations. On 
theoretical grounds the ideal lattice girder would be shaped like & 
segment of a parabola or semi-ellipse in which case the depth at all 
points would approximate to the bending moment and the boom section 
would be constant. The web system would be highly economical since 
the length of the members towards the ends where they are heaviest 
would be reduced to a minimnm. In practice, however, the ideal can 
only be partially realized on account of the necessity of providing 
overhead bracing between the girders at the ends and the necessity of 
fixing this end or portal bracing at the certain minimum height or 
structure clearance above road or rail level. In the case of the 341^ 
feet spans of the Hardinge Bridge shewn on Plato no. 1, the depth 
of the girders at the first panel point where the portal bracing oocnrs 
is 31 feet 6 inches. The minimum fixed structure was formerly fixed 
at 14 feet 6 laches but is now Id feet 6 inches. If to this is added the 
depth of the floor system and the portal brace the very minimum 
height that can be adopted for any span is about 22 feet 6 inches. 
Hence it is evident that there is a strict limitation to the reduction 
of the end height, and accordingly, for spans of 100 and 1.50 feet the 
booms are generally made parallel. Some authorities adopt a parallel 
boom for spans of 200 feet as well. In the case of 100 feec spans like 
the new 100 feet “through” girders over the Ganges Canal at Boorkee, 
the girders are not a sufficiently deep to permit of any overhead bracing 
at all. In a '‘poney” type girder of this kind the torsional rigidity of 
the girders is secured by a specially rigid uttaobment of the cross girders 
to the vertical members of the main girders. The booms are made 
parallel for simplicity of coustruotion. 

Item (d) fixes the number of subdivisions or panels in tUe girder. 
The pauel points are the points of concentrated loading where the cross 
girders are attached. In general the panuel spacing is controlled by 
the depth of the girder in order to preserve an efiective inclination 
approximating to 45 degrees in the angle of the diagonal mem¬ 
bers of the web system. In case of a “bowstring^* girder the 
depth varies and if the panel points are to be equally spaced so 
as to ensure uuiformity in the floor system, it follows that the 
inclination of the diagonal members will vary with the height of the 
panel. In girders of this type it is usual to make the panel length 
equal to tie end height or nearly so. This gives an inclination of 
45 degree in the end diagonals and an increasing inolination towards 
the centreof the span. It also fixes the number of panels in the span. 
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Iq girders of large span it ia found that the panel length fixed in this 
way, which will generally be about one-tenth of the span, has bo be 
considered from the point of view of the economical framing of the 
floor system, since the panel length of the main girder fixes the length 
of the stringers or floor beams between the cross girders. Supposing 
a girder of 360 feet span is sub-divided into 10 panels, the length of 
each panel is then 85 feet and therefore the fioor system of the span will 
Dow consist of 10'35 feet spans supported by the main girders. As the 
weight of a span increased at a rate approximately proportional to the 
square of the span, it becomes desirable to consider the possibility of 
sub-di riding these long panels into half or third panels in order to reduce 
weight in the ficor beams. This problem has a direct bearing on the 
type of web system adopted. 

The type of web system, Item, (e), has been subject to many stages in 
evolution and practice has varied in difierent countries. If reference is 
made to paragraph 5 and figure 6, the student will observe that the mean 
slope of the lines of principle stress in the web system of a girder is at 45 
degrees to the centre line of the beam, and it would appear that the most 
natural system of web bracing is a trellis system of tension and compres¬ 
sion members at right angles and inclined at 45 degrees to the centre line 
of the girder. This .system of bracing has been very largely employed and 
is still largely employed on the Continent of Europe. It has many 
practical advantages in rigidity, etc,, but is subject to the tiieoretical dis¬ 
advantage of being indeterminate, since engineers are not sure what pro¬ 
portion of the load is taken by the tension members and what proportion 
by the compression members. On the other hand the very indeterminacy 
of the system has been regarded by some engineers notably Sir Benjamin 
Baker who designed the Forth Bridge as a safeguard in that if one 
member failed there was another to take its load. In the practical design 
of unit spans however this type of bracing has been modified by making 
the compression members into vertical posts and making the tension 
diagonals strong enough to bake the whole of the shear component. 
The vertical posts provide a convenient fixing for overhead bracing 
and stiffen the girder at the points of attachment of the cross girders. 
In the original adoption of this N type of construction, of which there 
are many examples in India to-day, the indeterminacy of the trellis system 
was not however eliminated. With the object of securing economy in the 
floor systems by sub-division of the panels of the girder it was found 
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iieoeBsary to adopt a multiple iutersectiou web system known as the 
whipple truss. The feature of this truss is two or more systems of web 
members overlapping. An important example of a girder of this 
description is found in the Dufiferin Bridge at Bonares (ses 
illustration) in which a triple system of triangulation is adopted. In 
calculating the loads on the web members of a girder of his description 
it is assumed that the total shear at any panel is shared and equally 
divided in the three systems which are than separately calculated. It 
is found that in the maintenance of these trusses trouble is experienced 
with the diagonal members on account of non-uniformity of stress dis¬ 
tribution resulting in excessive loading of individual bars and other bars 
becoming buckled and out of action. For this reason the whipple truss 
has DOW given way to the simple N truss with rigid members and, in the 
case of large spans, with sub-panelling on a theoritically determinate 
system. The Harding Lower Ganges Bridge illustrated in plate No. I is 
an example of the modern typg of web system for lattice girders. The 
effective span is hrst divided into 11 main panels by a primary system 
of N bracing; it is then sub-divided into 22 half panels by a system of 
secondary triangulation consisting of a diagonal strut and sub-post, 
The slightly inclined member connecting to thp centre of the main post 
is not an essential part of the triangulation, being provided to stiffen 
the main posts which, acting as struts, are of considerable lengthy This 
type of web system has the advantage of being determinate, It has a 
certain draw-back in that it induces secondary stresses in the main 
members due to the slight elastric extensioo or compression under load 
of the sub-members. In the Hardinge girders this is counteracted by 
arranging a slight eccentricity of tburst at the top boom connection 
which has the effect of neutralising the secondary stresses in the web 
members. 

62, Stress Sheets— Having selected the type and framed the girder 
by the various considerations of the last article, stress sheets have to be 
preparefl which shew for every member the maximum load to which it 
will be subjected in service. For those members which will be subject 
to reversal of stress, the maximum stress of both signs will be indicated. 

The determination of the stress in a framed structure under a static 
or stationary system of loading is a comparatively simple problem and 
the ordinary principles of graphic statics apply. The members of a 
bridge, however, are subject to the varying effect of a moving load and for 
every member there is some position of the moving load which gives the 
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maximum effect in that member. In the case of railway bridges the 
problem ts further complicated by the fact that the equivalent uniformly 
istnbuted live load which we use for the purpose of design to repre¬ 
sent the effect of a train has a varying intensity per foot run depend¬ 
ing on the length of the bridge covered by the load. The heaviest train 
consists of two loco-motives followed by loaded vehicles and the maxi- 
mum possible concentration of loading per foot run is greater on a 
3 ort span which gets the full effect of the loco-motive driving wheel 
than on a long span where the effect is spread out. For the same reason 
^he impact allowance is a higher percentage on a smaller span. There- 
ore, for different poaitionsj of a train on a bridge the unit load per foot 
run and the impact factor vary. In the Tables appended to this chapter 
are given the equivalent uniform loads for all spans from 0 to 600 feet 
in both bending moment and shear for the normal standard of loading 
now in use on Indian Railways (Standard B) of 1903 plus 25 per cent). 

The determination of the maximum stresses is a relatively simple 
matter in the case of the booms which are proportioned to resist the 
maximum bending moment at any position on the span. The maximum 
bending moment for all positions occurs when the span is fully loaded. 
Having made a computation of the dead weight of the struoture, the 
uniformly distributed live load for the full span in taken from the table. 
The impact effect is then added and the total equivalent vertical loading 
on the span obtained. From the total distributed load the parabola of 
maximum bending moment is obtained. The effect of lateral wind pres- 
-flure must also be investigated to determine its effect on the booms. If, 

however, the direct tensile or com- 
preasive load in the booms due to 
lateral wind force does not exceed 25 
per cent, of the total of the stresses 
due to vertical loading the effect of 
wind may be neglected. Having 
determined the maximum beading 
moment for all panels of the span 
the total bending moment is divided 
by two to give the effect on each 
Fig, 13 girder. The boom stress at any 

panel is then obtained by dividing 
'the bending moment by the effective depth of the girder. In cases of 
” bowstring" girders the effective depth as any panel is determined by 
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the method of aeotions, see Fig. 13. Let A* A be a section through any 
panel. First take moments about P. If Mj equals the bending moment 
about P. then for equilibrium we have— 

FI X p = Ml 



which gives the stress in the bottom boom. 

Now take moments about Q. By the same reasoning. 



where “ q ’’ is the perpendicular distance of the point Q from the top 
boom. 

The maximum stresses in the web members of a paralled girder occur 
when*the front of the load has reached that position in the panel under 
consideration in which itdivides the panel length in the same proportion 
as it divides the span. A simple construction for giving the position of 
the front of the load for all pauels is shewn in Fig. 14. From the two. 



ends of the span set off equal distances on the verticals above and below 
the base line respectively. Join the ends of the base line to the opposite 
perpendicular as shown. Where these two parallel sloping lines intersect 
the verticals through the panel points, draw diagonals as shown. Jt will 
be apparent that by similar triangles, the intersections of the diagonals 
with the base line fulfil the condition above and give the positions of the 
front of the load for the maximum effect in the various panels. Taking 
now each panel individually the loaded length is measured off and the unit 
shear load for this length ascertained from the tables. The impact factor 
for this length is also caloulsted and live load shear for the panel deter* 
mined osin paragraph 22. This represents the vertical live load reaction, to 
his must be added the dead load shear and the total vertical force in he 
panel obtained. We can now apply the prinoiples c5 statics to the problem 
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to determine the stress in the diagonal. If the booms are parallel, this 
vertioal force must be balanced by the vertical component of the diagonal 
stress, hence the latter is obtained by the triangle of forces. If the booms 
of the girder are not parallel however, we apply the method of sections 
and consider the static equilibrium of the portion of the girder to the left 
of the section. Referring to fig. 15 suppose it is required to determine the 



tension H in the second diagonal say. Imagine the girder cut at the 
section X-X and produce the line of the top boom member to cut the 
horizontal line of the bottom boom at P. Produce diagonal H and draw a 
perpendicular on to it from P. Now we know the reaction Rj which is 
the dead load reaction plus the live load reaction. Consider the forces 
acting on the portion of the girder to the left of X-X. First we have the 
forces in the cop and bottom booms and the diagonal. Then we have 
the reaction R^ and the dead weight Dj at the panel point. Of these 
forces we know Rj and and our aim is to determine H. Now consider 
the equilibrium of the forces by taking moments about P, Since the top 
and bottom booms intersect in P they have no moment about P, and we 
have by considerations of statical equilibrium. 

H X p = Rj X g — Di X Wj 

. hence H ^ ..(J) 

It will be observed that if we are considering any other panel the same 
result applies except that we deduct the additional dead load panels 
weights multiplied by their respective distances from P 

cr _ X 2 — X — D, X — etc. 

1,6. n c= ----- 


( 2 ) 
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53. Fixing the scantling.— The miDimam netfe area of the varioae 
soantliogs is determined by the mazimam permissible aniti working^ 
stress divided into the total maximum stress to which members are sub* 
jeoted. The fixing of the soantliog of the various members is controlled 
very largely by experience. Bearing in mind that all members shall be 
rigid, the members will be generally built up in box section. Booms are 
generally constructed with two side plate connected to a flange. The’ 
open side is usually stiSened up by small lattice bars and the section is 
stiffened at intervals by diaphrams. Referring to plate No. 1 of the 
Hardinge girders the sections of the various members are shewn to an 
enlarged scale and the dimensions given. It will be noted that the 
neutral or centre of gravity line of the sections of the booms is at a 
certain distance from the flange plate which distance must be kept 
constant throughout the girder. As the section of the boom increases 
towards the middle of the span, it is importa^nt that the extra thicknes 
or plates added should not alter the position of the centre of gravity of 
the section. For this reason increase of metal is obtained by adding 
extra thickness to both the sides and the flange of the boom. The impor* 
tance of this feature lies in the fact that in order that the 
direct loading in the member may be uniformly distributed over the 
section, it is essential that the line of application of the force should 
coincide with the centre of gravity of the section. This applies to all 
members of a framed structure and the sections of scantlings must be 
located in accordance with this principle about the axial Hues of the 
frame or structure. Neglect to observe this principle results in produce 
ing bending or secondary stresses in the members apart from the direct 
stresses to which they are subjectea. 

The web members of a girder are commonly built up of four angle- 
bars with or without a web plate. In larger members a box section is 
used. Web scantlings are usually symmetrical with the exception of the 
raking end post which usually nas the same form as the top boom. The 
heavy raking end struts are required to take the diagonal component of 
the maximum end shear are also subjected to transverse secondary or 
bending stress doe to obe tra .amission of the upper wind loads through 
the portal bracing down to the bearings of the girder. 

The jointing of the members of a framed structure is a problem of 
practical design. Members are generally connected by means of gusset 
plates. The axes of all iuterse tting members must pass through a com* 
mon point. This follows from the primary aasumptions made in the 
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statical computation of the stresses. The rivetting of the end connections- 
of members must be carefully designed so that firstly the shear strength 
of the rivets shall equal to or in excess of the requirements of dynamic 
leading, and secondly that the groups of rivets shall be distributed 
symmetrically about the axis of the section. 

The fioor system of a span is subject to the same computations as 
described for plate girders. Ihe effective span taken as a basis of live 
load concentration is equal to twice the distance between the cross 
girders. Thisgivea the maximum reaction at any cross girder. The 
proportioning of the floor members of a lattice spans is subject to rather 
different rules from the proportioning of free plate girders. That is to 
say the depth of the cross girders and floor beams is made considerably 
greater in proportion to length than is the case ia ordinary plate girders. 
It is here not a question of economy only but the necessity of providing 
great stiffness in the floor members. The advantage of this is that the 
deflection of the floor members under load is reduced to a negligible 
amount and the deleterious effect of such elastic deformations on the^ 
cross girder connections to the main girder, etc. is avoided. 

Having designed the main girders and fioor system of the span it 
remains to consider the provision of suitable systems of bracing between 
the two girders so as to convert the whole system into a right unit 
capable of resisting heavy leteial i^ind forces and the dynamic racking 
and traction forces due to the passage of the live load. In a ‘trough” 
lattice span there are four distinct systems of lateral bracing between 
the girders, i'he various systems of bracing are illustrated on plate No. 
1 of the Hardinge girders. First there is the lower lateral wind or 
traction bracing which occurs in the plane of the bottom boom. This 
takes the horizontal skear forces due to the action of aside wind on 
the lower part of the girders and also cn the surface of a train whilst 
on the track. Next there is the top lateral wind bracing which takes the 
wind shear due to the wind on the top half of the girders. Next there 
is the so called sway bracing in the vertical plane between each pair of 
post which serves primarily to stiffen up and maintain the alignment 
of the girders, Finally there are the two portal braces at the ends of 
the span the use of which has already been described. 

Oonclusion. —The subject of steel bridges may be extended to cover 
the consideration of larger cantilever, suspension and special types of 
structures iucluding large foofs, steel frame buildings, etc, all of whioh 
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Are of praotioal importaaoe aad oome withio the proviaoe and the pria* 
eiplesof bridge desiga. It is not iateadad hoverer to go into the sabjeot 
at greater laagth as it is rather the province of the speoialist. la what 
has been presented to the student an attempt has been made to describe 
as clearly as possible the principles and the guiding features which con* 
trol the design of simple girders, bridges laying stresses on the essential 
points. The development of analysis by influence lines and the caloua- 
tionof secondary etresses are subjects which have been briefly men¬ 
tioned, but which space will not permit of developing in the scope of 
this Manual. The principles given if thoroughly grasped by the student 
will enable him to examine intelligently any bridge which in his 
practice as a Civil Engineer he may be called upon to do and to deal if 
necessary with the desiga of simple spans. 


THE END 



CURVE TABLES 
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Rules for the Design and Inspection of Railway Bridges 
TABLE I—STANDARD (B + 2596) LOADING 
Standard equivalent uniform load in tons per foot of bach traoc. 

•TO BE USED FOR OALCULATINO BENDINQ MOMENTS 


Effeo- 
tive 
gpftn in 
feet 

5' - 6* Gauge 

Metre Gauge 



jiAUQE 

Metre 

Gauge 

Total 

load 

Load 
per foot 

Total 

load 

Load 
per fool 


Load 
per foot 

Total 

load 

Load 
per foot 

3 

45*0 

9*000 

25*0 

5-000 

60 

mm 

2*616 

109*4 

1*823 

6 

45*0 

7*500 

26*6 

4-488 

62 


2-696 

112*2 

1*809 

7 

46-0 

0*429 

28*8 

4-036 

64 


2-679 

114*9 

1-796 

8 

45*0 

5*625 

29*9 

8*735 

66 

■il 

2-561 

U7-7 

1-783 

9 

45*0 

6'000 

81*5 

3*500 

68 


2*644 

120*4 


10 

45*0 

4*500 

33*1 

3*813 

70 


2*529 

128-1 

1*709 

11 

49'4 

4'489 

34-7 

3*159 

72 

181 

2*614 

126-0 

X-749 

12 

53'1 

4*428 

36*4 

3*031 

74 

185 

2-500 

129-0 

1-739 

13 

56’6 

4-886 

88-0 

2-923 

76 

a89 

2*486 

131-0 

1*780 

14 

59*8 

4*268 

39-6 

2*830 

78 

193 

2*474 

ISl'O 


15 

62*8 

4-184 

41-8 

2*750 

80 

197 

2*463 

187-0 

1-711 

16 

65-5 

4*094 

42-9 

2*680 

82 

201 

2*451 

139.0 

1*701 

17 

68-1 

4*008 

44*5 

2-618 

84 

206 

2 440 

142*0 

1*690 

18 

70*6 

3*924 

46*1 

2*563 

86 

209 

2-429 

144*0 

1*679 

19 

73*1 

3*849 

47-8 

2*514 

88 

213 

2*418 

147*0 

1*669 

20 

75*5 

3*776 

49*8 

2*463 

flO 

217 

2*408 

149*0 

1*660 

21 

77*8 

3-703 

60*9 

2*423 

92 

220 

2-398 

152*0 

1*660 

22 

80*0 

3*636 

52-5 

2*386 

94 

224 

2*388 

154*0 

1*640 

23 

82-1 

3-S71 

54-1 

2 •853 

96 

228 

2*378 

156-0 

1*630 

24 

84*2 

3*510 

55*6 

2*818 

98 

232 

2*369 

159*0 

1-621 

25 

86'4 

3*455 

57*1 

2*286 

100 

236 

2*360 

161*0 

1-613 

26 

88*5 

3*404 

58*8 

2*260 

105 

245 

2*335 

167*0 

1*688 

27 

90*6 

3-856 

60*4 

2*236 

110 

254 

2*318 

172*0 

1*564 

28 

92*7 

3*811 

62-0 

2*214 

X20 

272 

2*270 

183.0 

1*523 

29 

94'8 

3*268 

63-5 

2*190 

130 

291 

2*-235 

193*0 

1*485 

30 

96-8 

3*225 

65*0 

2*166 

140 

308 

2-200 j 

204*0 

1, 454 

31 

98*7 

8-185 

66*5 

2*146 

160 

325 

2-166 

214-0 

1*425 

32 

100*8 

3*149 

68*0 

2*125 

160 

341 

2*133 

224*0 

1*399 

33 

102»8 

8*114 

69*6 

2*106 

170 

357 

2*101 

234*0 

1*375 

34 

104.8 

3*081 

71*0 

2*089 

180 

373 

2*073 

244*0 

1*364 

35 

106*8 

3*050 

72-5 

2 071 

190 

389 

2*046 

254-0 

1*335 

35 

1U8-8 

8*021 

74-0 

2*056 

200 

404 

2*021 

264*0 

1*819 

87 

llO’S 

2*994 

75-6 

2*040 

210 

420 

1*998 

274*0 

1*304 

88 

112*8 

2.968 

77-0 

2*026 

220 

484 

1*974 

284 0 


39 

114*8 

2*943 

78*6 

2*013 

230 

449 

1*953 

294-0 

1*278 

40 

116*8 

2*919 

80*0 

2*000 

240 

464 

1*933 

304*0 

1*265 

41 

118*7 

2*896 

81*5 

1*983 

250 

478 

1*918 

314-0 

1*255 

42 

120*8 

2*875 

83*0 

1*976 

260 

493 

1*896 

324-0 

1-245 

48 

122*8 

2*856 

84*5 

1-966 

270 

508 

1*860 

334*0 

1-236 

44 

124*7 

2*885 

86*0 

1-955 

280 

622 

1*865 

344*0 

1-228 

45 

197*0 

2-818 

87*5 

1*946 

290 

537 

1*853 

852*0 

I*2l5 

46 

129*0 

2*801 

89*0 

1-936 

300 

552 

1*841 

361-0 

1*204 

47 

131*0 

2*785 

90*5 

1.926 

826 

589 

1*811 

385*0 

1*186 

48 

133*0 

2*769 

92*1 

1*918 

350 

625 

1*786 

410*0 

1*171 

49 

135*0 

2*753 

93 T) 

1*909 

376 

662 

1*764 

435*0 

1*169 

60 

187*0 

2 738 

96*0 

1*900 

40) 

598 

1*744 

459*0 

1*148 

52 

141*0 

2*711 

98*0 

1*883 

425 

734 

1*726 

484*0 

1*139 

54 

146*0 

2*685 

100*8 

1’886 

450 

770 

1*711 

608*0 

1-128 

56 

149*0 

2*661 

103.7 

1*861 

476 

817 

1*698 

632*0 

1*120 

58 

168*0 

2*638 

106*5 

1*836 

600 

843 

1*685 

667-0 

1*113 


Oia— (i) For purposes of oomparlson the load equivalent to aw train may he calculated either by the 
method given In the Bulletin of the International Railway Congress, August 1901 (also in 
TeohnioalSeotionPaperKo. 121) for moments at the twh point of span, or by actual 
wheel loads. 

(«) For spans below 86 feet the maximum moment, wherever it occurs, is to be taken as the centra 
ordinate to the parabola of uniform load, as the girders will usually be of uniform section, 
«ii) In this Table L. is Uie not ^e clear span. 
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TABLE II^STANDARD (B+ 2696 ) LOADING 

StAMDAED EQUIVALSET uniform tOAD IN TONS PEE FOOT OF EACH TRACED 
TO BE USED FOB OALOUDATINQ SHEARS 

L. Loaded length in feet which produeea the maximum shear in the 
member under consideration 


L. 

in feet 

Load fbb foot 

T. 

Load pbb foot 

6' - 6" Gauge 

Mette Gauge 

JLI» 

io feet 

6'-6' Gauge 

Metre Gauge 

6 

9*000 

6*400 

60 

2*933 


6 

8-129 

6-084 

62 

2*908 


7 

7*428 

4-760 

64 

2*875 


8 

6-876 

4-469 

66 

2*848 


9 

6*446 

4*260 

68 

2*823 


10 

6*100 

^4*050 

70 

2*800 


11 

5«818 

3*886 

72 

2*778 


12 

6-683 

8*729 

74 

2*765 


13 

6-366 

3-696 

76 

2*785 


U 

6*178 

3‘4;88 

78 

2*716 


15 

5-018 

8*334 

80 

2*696 


16 

4-876 

8*220 

82 

2*678 

1-800 

17 

4*763 

3*119 

84 

2-668 

1-784 

18 

4*640 

3*030 

86 

2*640 

1*768 

19 

4*528 

2*960 

88 

2*623 

1*763 

20 

4*426 

2*879 

90 

2*605 

1-739 

21 

4*333 

2*814 

92 

2*590 

1*726 

22 

4*250 

2-766 

94 

2*675 

1-714 

23 

4*176 

2-703 

96 

2-560 


24 

4-103 

2*654 

98 

2*646 

1*688 

25 

" 4*030 

2*608 

100 

2-630 

1*676 

26 

3*983 

2-565 

105 

2-498 

1*648 

27 

3-898 

2*526 

liO 

2*466 

1*621 

28 

3-840 

2*490 

120 

2-410 

1*670 

29 

3-786 

^ 2*456 

130 

2*860 

1-638 

80 

3*788 

2*426 

140 

2*313 

1*504 

SI 

3-686 

2*396 

160 

2*271 

1*476 

82 

3-640 

2*368 

160 

2*233 

1-419 

33 

3*698 

2*343 

170 

2*199 

1-426 

84 

*3-660 

1 2*818 

180 

2*166 

1*406 

35 1 

3-623 

2*296 

190 

2*139 

1-385 

86 

3*486 

2*974 

200 

2*111 

1*869 

37 

8*453 

2-264 

210 

2-068 

1*864 

88 

3-420 

2*234 

220 

2*065 

1*840 

89 

3*388 

2-216 

280 1 

2*044 


40 

3-888 

2*199 

240 1 

2*024 

1*316 

41 

3-328 

2*183 

250 

2-006 

1*304 

42 

3-393 

2-166 

960 

1-990 

1* 294 

43 

3-272 

2*161 

270 

1*974 

1*285 

44 

8*248 

2*136 

280 

1*969 

1*276 

45 

3*228 

2*123 

290 

1-945 

1*268 

46 

3*198 

2-110 

800 

1*931 


47 

8*178 

2*098 

826 

1*903 

1*244 

48 

3-160 

2*086 

850 

1-878 

1*229 

49 

3*180 

2*073 

376 

1*856 

1- 216 

50 

8-no 

2*061 

400 

1*835 

1*206 

62 

3-068 

2*041 

425 

1-818 

1-196 

64 

3-080 

" 2*021 

450 

1*801 

1*186 

56 

2-995 

2*004 

476 

1*786 

1-179 

68 

2*068 

1-988 

600 

1*774 

1*171 
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TABLE III—STANDARD {B+25^/o) LOADING 
Standard Cross Girder Reactions in tons 


Note — (i) The table printed below is derived from the Load specified 
in Table 1 aooording to the formula 
R where S spacing of the cross girders in inches. 

M maximum bending moment on the stringer, considered 
as of span 2 S. 

R reaction at middle point of said stringer, 

(ii) Half of the reaction given in this Table is to be consider¬ 
ed as applied at each point where a rail-bearer rests on 
the cross girder. 


Distance apart of Gross 
Girders* Centre to 

Coatee in feet 

1 Reaction in tons 

6' - 6'’ Gauge 

Metre Gauge 

8 

32-8 

21*5 

9 

35 • + 

23*1 

10 

37*8 

24-7 

11 


26*3 ‘ 

12 

4-2 *1 

27’8 

18 

44*3 

29-4 

U 

4fi*4 

31 -0 

15 

48-4 

32*5 

16 

50*4 

34’0 

17 

52*4 

35*5 

18 

54*4 

37*0 

19 

56-4 

38’5 

•20 

58*4 • 

1 40*0 

, 21 


41*5 

22 

62*4 

43*0 

23 

(34*5 

44*5 

24 

«6*5 

46*0 

25 

6H-5 

47*5 

26 

70-5 

49*0 

27 

72*5 

50*4 

28 

74*5 

51*9 

29 

76*5 

53*3 

30 

78*6 

54*7 

31 


56*1 

82 

82*5 

67*5 

38 

84*5 

58*9 

34 

88-6 

60*3 

36 

88*5 

61*6 









APPENDIX A 


Value$ of oo-efffcient G in Kutter'^e formula for different H. M. 
Depths and co-ejffioiente of roughneae 



1 

Co. 





Hi M. D. r. 





[ Slope 



2 

8 

4 

6 

8 

10 

15 

B 

80 

60 

s f 


G7 

81 


94 

102 
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APPENDIX B 

Calculation of atahdity and tkickn^ai af vou^aoir arch ringa 
aymmetrically loaded with a vertical load^ 

The theoretical calculation of the stability of arch rings involves 
some of the most difficult problems that occur in engineering, but there 
is a simple graphic method by means of which the stability can be 
calculated by a series of approximations, This method is described 
below. 

Let A BC D be a vousaoir of an arch, The load on the voussoir 
consists of its own weight and the weight carried on the extrados 
between the dotted lines A B. Let W be the combined weight acting 
through the common centre of ^ 

gravity. The voussoir is also sub- t/* ' 

jected to the pressure P of the 
voussoir above it, and to the reaction 
R of the voussoir below it. Equi¬ 
librium is maintained by these three 
forces and if we know W and P we 
find H and also its point of appli¬ 
cation E, which is the centre of 
pressure for the joint A C. 

Now we know that for stability 
the point £ must lie inside A C and 
that, moreover, to prevent tensio^ 
in the mortar, it must lie within the 
middle third of the joint. For pur¬ 
poses of calculation the arch may be 
considered as divided up into a 
number of imftlfiliary voussoirs as shown in Fig> 2 and we may suppose 
that the centre of pressure at each joint has been found, and all th^ 
centres of pressure have been joined together by a roken line. If the 
number of voussoirs is very large, the lines joining the centres of 
pressure will hardly he distinguishable from a curve. This curved 
line is called the line of rteistance, and from it we can obtain the point 
of application (centre of pressured, and direction of the pressure at any 
section of the arch. For safety, it must lie within the Middle third of 
the arch ring. 


Fig. 2'.- 
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The line of resistance also gives the direction of the resultant 
pressure of any joint of the arch ring, 
this direction being a tangent to the curve. Fig 3 

If this direction makes an angle with 
the normal to the joint greater than ihe 
angle of repose of the materiarof which 
the arch consists, the arch will fall by 
sliding, bat, as a matter of fact this in- 
clitialion is seldom, firobably never, enffi- 
oient to produce failure in this manne,. 
except in straight arches. 

The problem then is to find the line of resistance. It will be seen 
from Hg. 3 that the line of resistance in a symmetrical arch uniformly 
loaded is horizontal at the crown C ; at this point therefore the pressure 
is horizontal. If we suppose the right half of the arch removed the left 
half is kept in eqalibriurn by : 

(1) The load it carries ( W). 

(2) The horrizontal pressure H at C. 

(3) Toe pressure 1* at the abutment A. 

Now a force is determined when we know (1) its direction, (2) 
its point of application, and (3) its magnitude. W is easily determined. 
Of H we, only knrjw the direction and of P we know nothing except that 
It is equal and opposite to the resultant of VV and H. The problem 
cannot, therefore, be solved until we know the point of application and 
he magnitude of H. To obtain these, it is necessary to adopt what is 
known as Moseley’s Principal of least Resistance which is as follows : 

** If the forces which balance each other in or upon a given body or 
structure be distinguished into two systems called respectively active 
and passive which stand to each other in the relation of cause and effect, 
then wilj the passive forces be the least which are capable of balancing 
the active forces consistently with the physical condition of the body or 
structure/* 

In the case under consideration W represents the active force and 
H and P the passive forces. It therefore follows that in the actual arch, 
the magnitude of H will be the least possible. To each value of H there 
is a corresponding line of resistance* Oobmining this condition with that 
of the position the line of resistance should occupy in the ring, we arrive 
at the result that the value of H must be the minimum that will 
give a line of resistance which is just included within* the middle third of 
the arch ring. This line of resistance is called tiie line of lestst resistance. 
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To find the true line of resistance mathematically is difficult, even in 
simple cases of uniform vertical loading and symmetrical arches, but by 
the trial and error method above referred to, the line of least resistance 
can be found very readily, with sufficient accuracy for, practical purposes. 
This method is as follows : 

In Fig, 3, taking moments about the point of application of the 
force P we have 

ivnrJTi -I H"x^ "0. 

or H = ^ W. 
k 


From this question it will be seen that H is least when a is least and 
A is greatest, which occurs when fl is acting at the upper edge of the 
middle third of the thickness in [the arch, and the point of application 

is the lower edge of the middle 



third at the skewback of the 
abutment as shown in Fig, 4, 
On the other band the greatest 
permissible value of H will be 
when a is greatest and h least, 
i.e,, when H is applied at the 
lower edge of the middle third 
^and P at the upper. The true 


value of H will lie somewhere 


between the least and greatest values thus found, and is the least 


value of H, corresponding to the lowest position, that will allow of 
the line of resistance being just included within the middle third of the 
arch ring, aee Fig, 5. 


The line of resistance corresponding to any particular value of H can 
be found by the simple graphic method explained below, which will 
easily be followed by any student acquainted with elementary statics. 

Suppose that the arch is divided into a number of voussoirt, each 
kept in equilibrium by three forces as shown in Fig* 1, and let the 
weight on each voussior acting through its C, G. be vv^, wg, Wg, etc, 
Now beginning from the first voussoir next the crown, the three force® 
acting on it may be represented by this traingle in which H is the 
horizontal thrust at the crown, Wj the load and Pj the resulting 
pressure on the lower joint. Taking next the second voussoir, the 
forces keeping it in equilibrium are those shown by firm lines in 
this figure, the dotted lines representing the triangle of fones ot 
the first yoDSSoir. In this figure 1\ represents the thrus^j communicated 
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to the second voussoir by the first 
one, W 2 the load on the second voussoir 
and Pg the thrust on the second 
voussoir. Proceeding in this way tho 
diagram of forces acting on all the 
voussoirs from the crown to the abut¬ 
ment would take the form shown in 
Fig. 6 , in which Pi P 2 • • ♦ 

represent the magnitude and direction 
of the pressures acting on the joints 
from the crown downwards to the 
abutment. 

Let us now consider the particular 
arch shown in Fig^ 7, the thickness 
of which has tentatively been 6 xed by 


the empirical rules given in Chap, V of the Manual. 



Divide the.arch into a number of vousioirs and find the laods Wj, 
W 21 Wg, etc. acting on each, Fig^ 7. Then draw the diagram of forces 
Fig. 8 representing the forces acting on each voussoir. Next transfer 
the pressures from the diagram to the arch itself and trace the line of 
resistance. This is done by finding the intersection of H and io Fi . 
7, and drawing Pj parallel to the corresponding line on the diagram 
from the point of intersection of H and to the next load line W 2 ; 
from this point of interseotion ^ 2 ^ drawn to W 3 . parallel to the diagram 
line B 2 , and so on. The line joining the several points of intersection 
is the line of resistance. It will be observed that the line of resistance 
in Fig. 7 is not included within the middle third of the arch ring, the 
reason being that the point of application of H has been chosen too 
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high. The point of application miiab now be lowered, the eSeot of 
which will be to raise the value of H. A new diagram of forces and a 
new line of resistance is obtained for the altered conditions in a similar 
manner, and this is repeated until a line is found which just 6ts in 
within the middle third and is therefore the line of least resistance 
irequire^i. i^igs. 9 and 10. 



When the line of least resistance has been found and the correspond¬ 
ing values and points of application of the pressures at ditfereut points 
the actual maximum intensity of pressure at any section of the ^*rching 
can be found by the formula usually applied to uniformly varying 

2P 

pressures on a pjane surface, P where F is the total 

forces acting on the joint, D is the distance in inches of ’the point of 
upplioatiou of the force from the nearest edge of the arch ring, B is the 
width of the arch ring in inches normal to the span, and P (max), the 
maximum intensity of pressure per square inch. 
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CalouUitionn of atrength and dimmaiona of rainforcad conerets slaha, 
girders and arches 

Before discussiag the caloulatioas of stresses it is necessary to dea* 
cribe the rotation to be used and the strength of steel and concrete 
assumed for the purposes of calculation. The safe working stresses 
are those 6xed by the Joint Committee of the R. !• B. A. in their second 
report of 1911. 

^o=load per unit length of span. 

issspan. 

W=:total load. 


c=:8afe compressive atrength of 1 : 2 : 4 stone 
concrete in Portland Cement mortar 
<=safe tensile strength of steel ... 
sssafe resistance of steel to shear 
Eon: Modulus of Elasticity of steel 
Ea— „ „ „ „ stone concrete 


600 1b. per sq» 
• J6.000 .. 

•• 12.000 . 

.30,000,000 „ „ ,, 

. 2 . 000,000 . ’ 


XUS 1 K 

m=g.=15. 

a zradhesion of grip of cement concrete to 
metal 

y soiroumferential areas of tensile reinforcement. 
= width of beam. 


100 


a = effective depth of beam, i.e. from extreme compression surface* 
to tensile reinforcement. 

6^=s width of table of T beam. 

d^^depth ,, „ ,1 

k =ratio of depth of neutral axis from extreme compression surface 
to effective depth of beam, Jed being the actual depth. 

p =;ratio of sectional area of tensile reinforcement to eSective area 
of beam, pbd being the actual area = At. 


p*=3ratio of sectional area of compressive reinforcement to effective 
area of beam, pf)d being the actual area =Ac, 

A == total area of section == bd, 

Mr=momeat of resistance. 


For supported beams, load uniform,= 


M=: maximum 
moment= 


I For fixed beams, load uniform. 

I m 

bending'! the centre. But 

1 for beanos imperfeotly fixed, as they 
usually are in practice, and for beams 

contipouB, Mb may be taken to be ~ both 
^at the ends and at ihe centre. 
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Reinforced concrete beams are calculated on the assumption that in 
accordance with Hook's law (ut tenaio aic via) the following conditions 
hold within the elastic limits: 

(1) strain (elongation or shortening) is proportional to the s tress, 

(2) stress and, therefore, strain are proportional to their distance 
from the neutral axis, 

(3) strain varies inversely as the Modulus of Elasticity, or, in other 

it resi 

words E It follows from this that Ei being m times 

E® at an equal distance from the neutral axis the stress in 
steel will be m times that in concrete. It is further assumed 
that the concrete below the neutral axis takes no tension which 
is taken up entirely by the steel reinforcement. 

Rectangular beams with tension reinforcement 

Now referring to Fig, 1 it will be seen that the stress in the con¬ 
crete will vary uniformly from a point on the neutural axis to a 
maximum at the top as represented by the shaded triangle and the 
entire tensile stress will be uniformly distributed over the section of the 
steel. 





From Fig. 1 it follows that the stress at the plane where the steel 
rod is placed, if the beam was homogeneous, would be to c at the top as 
Icdid (I— k), but reinforced concrete beingnon-homogeneous, the stress 

t 

in the steel is m times that in concrete so c : m : : kd i (1—ifc) and 
me 

From this we get k — 

From this equation we can always fix the position of the neutral 
axis, knowing the stresses on concrete and steel. Using the values 
given in the above notation for m, c and t we get fc—0*36. 
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Then again, from the above figure we see that the total compression^n 
the upper side kd or ^ kdcb and the total tension is t Afc or fpdh. 
As these two must be equal we have | hlch^t pdb, from which we get 
ps From this equation, knowing k c and t we|oan find the ratio 

of reinforcement required. For the values assumed, the economical 
ratio will be *00675, 

For special steel or inferior concrete or broken brick, clinker or coke 
breeze other values must be assigned to m, c and t from which p and fc 
can be calculated as above* 

The moment of resistance of the beam Will be the product of total 
compression x distance between c. g. of the corapro'ision prism and c. g, 
of tensile reinforcement or the product of total tension X the same 
distance...that is to say, 

Mt hehd’^ (l— |) or 

As Me must equal Mt for equilibrium, the value of d can be easily 
found from the previously ascertained value of p and k and the known 
value of c or t, The value of Mb is ascertained in the ordinary way 
for the dififarent conditions of load and the different methods of support; 
its value is given in the Notation for supported, fixed and continuous 
beams under uniform load. 

To'facilitate calculation, the geaeril comprossion formula given 
above can be put thus: 

kebd^ ( 1 - 3 ) 



y— where Cc=/c (1 —c values of which can be 
Ofl b j_ 3/ 

2 

tal?ulated (or different values of k correspandiug to different values of o 
and f. See table below, d is thus easily found from the Bending 
Moment by taking the value of Oo from the table and assuming a 
suitable value for b. In the ease of slabs take a width of 1 foot for 
purposes of calculation* 

oJb 

p can next be found from the formula p== . 

It is gfvea in the table. From this the sectional area of reinforce* 
>ment is at once deduced being pbd» 
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. It will be seen (hat the values ofic are based oa m being 15. This‘ 
will be practically correct for stone concrete 1:2:4 made portland 
cement mortar bat if the quality of the concrete is very different its 
modulus of elasticity and therefore the value of m must be altered to 
meet the case. 


Working 
strets of 
steel 
t 

Working 
Stress of 
conorete 

0 

Ar=ratio 
depths of 
neutral axis 
assuming 

Bo 

W=—=15 

Bo 

me 

k— - 

Ce = constant 
in equation 
/ lh*b 

d=> '' Co 6 

1 

i 

/^sratio 
of steel in 
tension 
eh 


16,000 

400 

0*ii72 

e9 

*0034 


500 

0*319 

71 

•0049 


600 

0-360 1 

95 

•0087 


700 

0-896 

121 

•0086 


800 

0*428 

147 

•0107 

14,000 

400 

0*800 

54 

•0043 


500 

0*848 

77 

•0062 


600 

0-391 

101 

•00b3 


700 

0*428 

128 

•0107 


In a rectangular beam with tensile reinforcement only, if the ratio- 
of reinforcement is greater than the economical ratio, the formula 

Mb s=i kcbd* ^1—should be used and if less, the formula Mb ^st-phd^ 

—g) . If the ratio is the economical one, either formula may be 

used ; the latter is slightly simpler. 

It will often be found that a beam designed as above is unsuitable 
being too deep. If a shallower beam or girder is required to give 
more headway or for any other reason it may bo obtained by increasing 
the tensile reinforcement beyond the economical ratio or by adding 
reinforcement in the compression fibres of the beam. In the former 
case, the value of p must first be fixed and from this value k must 
be found by the formula which is' derived by 

substitution from the fundamental formula given above, viz. k = 

and p=s fc having been found, the formula IHb = M, 

k 

kebd* (1—g) must be used as p being greater then the economical 

ratio the strength of the beam is limited by the strength of (he con¬ 
crete. If compressive reinforcement is introduced, the case wilt 
require special treatment. 
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Beams with both compression and tension reinforcement 

With oompressioD rods, it is usual to giro, in beams, the same 
covering of'Concrete on the compression side as on the tension; 1* to 
1 but to simplify caloulation. it is assumed that the compressive 
reinforcement is placed at the centre of pressure of the compressive area 
of the concrete which will practically give a Stronger result and be an 
error on the safe side. 


Fig 2. 



Under these conditions, the value of Ic remains as before; fc = 
but the value of p will be dififeront See Fig. 2, 

2c j 

Total compression =s J hctd + (m —1) ^ 


Total ten8ion=p6cZ<> 

c k 2 

Equating and simplifying p—^ [ 2 ^ J 


P X 

From the above we can find value of k and p or p' for any known 
value of m, c, t, i, and a given value of p' or p. 

The general equation for the moment of resistance Mr of such a 
doubly reinforced beam will be. 

Mr = ){f + i ^ 


Equating this to Mb the sectional area of the beam can be found. 
The equation will generally have to be used in double reinforcement 
cases, as a greater ratio than the eoonomioal is usually employed. In 
this case it is useful to know that the value of k iu terms of mP 
p' will be 

fc='V/2pwi+(§p'(m—l)4'Wip)*—(f p'(m —l)+mp). 

The ordinary practice for finding p and is to assume suitable 
values tov-b and d and find p from the equation. 
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Mb s Mt ss pbd*t (1- |-) 


tihe vakie tff k beiDc — and th® valaes of m, c and t being knoira^ 

® WlC + fc 

Haviog found p, is found from feho formula* 


p' rsf X 


2pt—ko 
{m —l)o 


If the resulting values of p and p' are unreasonably large or ton 
small, the process should be gone through again with fresh values of 
band d* 

It should be carefully noted that there is fixed value of Ic for eaob 


ratio —, and each value of m, and also fixed corresponding values of 
"t 


the percentages of steel p andjp'. 

In using compression bars in a beam, it is access vry to remember 
that there will be a tendency in these bars to buckle and burst outwards 
through the concrete covering. To counteract this tendency it is 
absolutely esaeutial that they should be tied in by stirrups or otherwise, 
either into the body of the concrete or to the lovver reinforcing bars. 


To find the deflection of rectangular beams, the following formulae 
may be used: 

For supported beams-deflection= ^ A;) " 

1 tv^ 

For fixed or coatinuous beams-deflectioo = — ~ ^ . — j- 

^ 06 JtbB (* (i—/f) 

T beams with tension reinforcement 


The Joiot Committee of the R. I. B. A. recommend that the width 
of the slab or the upper flange of the T beam to be considered as foren- 
ing part of the T beam must not be taken as greater than ^ span or f 
the spacing of these beams. For the main beams of bridges, it is 
perhaps safer to reduce this to some extent and make it half the 
spacing. 

The width of tha rib is generally made ^ of b, or even a little larger 
if necessary to enable the reinforced bars to becorreotly spaced (leaving 
2i” intervals for concrete). The exact size of b, required to resist the 
horizontal shear at the junction of slab and rib, nan be determined 
mathematically, and in important structures it is advisable to check this 
dimension by testing for shear. 

T* beams may be divided into 2 classes ; (1) in which the neutral 
axis falls at the lower edge of the slab or withiniit, (2) where the neutral 
ftTia falls outside the slab. 
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For the first class, the calculations axe the same as those for rectan¬ 
gular beams except that the reinforcement is all grouped at the bottom 
of the rib of the T while the width taken for oalculation is i, not i, the 

former being as a rule. 



From the above figure it will be seen that the total [compression 
above the neutral axis is, as in the case of rectangular beams, J kdchy 
and that the total tension = Ar t or pb^dt. Also the compression on the 
upper side of the concrete and the tension in the reinforcement being 
proportional to their respective distances, from the neutral axis, we 
have as in rectangular beams 

c : ~ :: kd : d (I — k) or k 

Furthermore, if we equate the compression and tension stress we 
get the same expression for p, p = p being the ratio of 

reinforcement to the total area h^d (not 6i). From these, as before, we 

get the moment of resistance = | kb^cd^ -Alternatively, 

if less than the economical ratio of reinforcement is used, Mr =: pb^dH 

0 - 4 ) 

For the second class, the calculations are on exactly the same 
principle, but the formulae become more lengthy, owing to the expres¬ 
sion for the trapezium representing compressive stress being more 
complicated than that for a triangle in the first class. Without going 
through all theutermediate processes of substitution and equation, the 
formulae corresponding to those of the first case may simply be stated as 
follows In this case the compression area is taken as only that of the 
slab portion. The small compression area in the rib between the slab 
and the neutral axis is neglected. 
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Total compression = 

Total tension = At ^ or pbxdt. 


k s= 0’36 for valaea of m, o and t given in notation for 

t + mo > B 

1:2:4 cement concrete. 

The lever arm ssd — z (see Fig.) where g — distance of centre of 
'OODipressioD area from upper surface. , 

2e , 

The value of « = 3- -X 


cjkd^d^) , 8 


til' 


Put 7 = Then subatituting 7d for and 0*36 for fc, we get 


1._ J 7cl v^8X0-36i—2 7ti 

fc — z^a “^2“xb*36d~7fi 

^ 2 * 16 — 87 ^ 


Put Ca s=: (1 — 


1*08 7 — 27 * 


). The value of this can be calculated 


2-16 —37 

for various values of 7 and tabulated for use. See column Ca in table 
further on. 

Now mean stress in the concrete as shown above =-|. x ^ ~ rr .. !l L 


= 600 — 

0*72 

Put this quantity 600 (I— ^^)=30m and tabulate its values for 

0*72 

various values of 7 . <^^8 column Om in table, further on. 

We can now calculate the sectional areas of beam and of tension 
reinforcement quite readily from the Bending Moment. 

M6 = (d —2)Cm6i di=(d —2)Cm t At 
d — 0 = d 0« 

.% Mb = d Ca Cm dj = d Ca < At 

We may illustrate the use of these formulae and the table by an 
example. 

Example—A beam 20 feet span consists of a 4 inch slab with ribs 
20"' effective depth, 8 feet apart centre to centre, carrying an external 
load of 112 lb. per square foot. Find sectional area of reinforcement 
and width of slab required to resist compressive stress. 

Total load ss 8 X 20 X (112 * 4 - 50) s= 25,920 slabs 
Approximate weight of beam= 180 

Total weight = 26,100 =3 W 
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y=7=l=o-2. 

The lever arm (< 2 — 2 ) will be found from the table to be d x 
0 a-20 X 0-91 a 18'24 inches » 1-52 ft. 

The area of steel reqaired=— i-caj^'lwoo —= 2 ‘ 7 cq.in 3 . 

Now to get the area required in the compression flange or the width 

M 

of flange required to act with 4" depth of slab we have 6^ o a Cm 

65260 


l'6‘iX483 


=99. 


Now tij = 4 /. 6j = 24'75 inches. 

—T beams with both compression and tension reinforcement— 

We may sometimes have too little width in the fl.aoge and we must 
then supply the deficiency by steel in compression. This complicates the 
case still further. To simplify the complicated calculation for this con¬ 
dition as far as possible, we will assume that the values of m. c and t aro 
as in the notation and that the value of k is therefore 0*36 and thalv 
y2—d,. 

For reasons before explained, if steel is pub on the oompres^iou sile 
it will be stressed 15 times as much as the concrete in the same position. 
Assume as iu the case of the rectangular beam that it is put in the 
centre of the compression area and that the lever arm is therefore the 
distance between the compression steel and the tension steel. Making 
z = the distancj between the top of the flange and the centre of the 
compression area, the intensity of stress in the steel at • his point is 

3 , ^ ^ 600(0»30d— 

obviously o 0-355 - 


di 3 kd^^d 

The value of 2 la as given above X 3 kd"—^ 


If in this exprea- 


( 1*08^—22/j \ 

2 16-3y~) 

and the value of the stress intensity of steel given above becomes 

{ ( i*08y— i The value of this expression can be tabu- 
0‘36— 2 16— 8 y y lat-'d for different values of y and it may 

“ 0*36 ) be called Cy. 

Now reverting for a moment to the calculation for a beam withou 
compressive reinforcemont, we found tiiat the moment of resistance is 

"equal to t (d— 2 ) or, X T~ ) X (d-z) whichever is- 
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less* The first eciaation presents no difficulty. In thft second equation 

0 /a . 

there are three factors, dj is the area of the concrete, ^ ^ 53 j is 

the mean stress in the concrete and (d^z) is the lever arnr. ^ 

As in tbet previous case, let us put Om =3 the. second factor 2 " 

or eubeliiiotjng yd for ’")* 


We then have Mr, =s 6 , di Cm (d— z). 

The value of Om ia given in the table for various values of y, 
fTow,!^ is the total longitudinal stress, tension in steel and com¬ 


pression in cencrete. When bd Cy is equal to or greater thuu b« 

compression steel is required, but if it is less wo must add steel. The 
stress of steel being 15 times that of conoreie, if we add steel of section 
A to the compression flange, we get M = (6 d Oy + A, Cm) (d—a) 

— 6 d Cy 

Cm 

The following table gives values of Cy and Cm for a few values of y 
which will he ueefal. These are calculated on the assumption that m =5 
15, c«800. f== 16*000, k = 


from which we get As 


=( 


y= 

Ca=ratio depth 
of Jevec ^rzn 

Cin = mean iatensity 
of stresB on 
oonorete 

Cyaemiotensity of stress 
in compressive 
steel 


‘>•95 

510 

7,816 


0-93 

475 

7,290 

u*20 

091 

433 

6,817 

0*25 

090 

3U1 

6,430 

0-30 

0’»9 

350 

6,130 

0-35 

0-88 

308 

6,005 


Shear Oalculations 


It is assumed that the shearing stress is uniformly distributed over 
the web of the beam which is taken to be the distance between the 
centre of the eompression stress area and the centre of the tension rein^ 
forcement. 

The horizontal component of the shearing stress in any short length 
of a beam under transverse strain may be represented by the difierence 
in bending moments at the ends of that length divided by that length ^ 
and vertical shear is equal to horisoatal shear at ail points 
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I^et B, and B, be the bending momenta at the two aectiona X and F 

of a beam and x the distance between 
them—Lot a be the distance betweefi 
the centre of the compression stress Mid 
the centre of the tension reinforce¬ 
ment, and S the total vertical shear at 
any section. 

The difference of stresses due to 

and Bg will be^sn^. This will be com- 
a 

municated from the steel to the 
concrete by adhesion and produce a 
shearing stress in the concreoe dis¬ 
tributed over an area Lx where & is 
the breadth of the beam. The unit 
•shearing resistance of the concrete will thus be the safe shear¬ 

ing resistance of concrete (60 lb# square inch) is less than this, steel 
shear relaforcemont is necessary* 

Let A =:sectioDal area of steel reinforcement and s the safe unit 

shearing resistance of steel—we then have Ag 8+ j bx X 

But, as above stated, the vertical shear in any short length of beam 
X may be represented by the difference of B^ and B 2 divided by x — 

Srslll^'or Saj=:Bi—B 2 . From this equations is easly found, as 
and B 2 the beading moments at any given distance from the end of 
the beam are known to be~L(i—e) foot pounds where w is the unit 



4oad per foot run, { is the span and e the distance of the section from 
the end. We thus have. 

A. 8+ 60fcaj=_, or, A8=-—- 

G cm 

In important structures for greater security, the resistance of the 
•concrete (60 bx) may be disregarded. If this is ^neglected, we have 

A, 8-, or, A, sz — 

From these two equations,'the sectional area and spacing of the 
vertical shear member may be calculated* In the case of *1* beams, 6 
cfaould be taken to be the width af the rib. 

For diagonal shear reinforcement at an angle 0 to the horizontal. 

At Cos 0 should be taken ea ” or"^ 
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AdhesioD Btresag •■■■ " which must not exceed 100 lb. per stjoaro' 

ya 

inch for plaio amooth bars, but for deformed bars, stresses up to 160 lb. 
per square iuoh may be allowed* 

. To find the correct spacing of stirrups or diagonal shear bars, use 
the following graphic solution given in the ‘^Manual of Reinforced 
Concrete’* by Marsh and Dunn. 

Draw the bending moment diagram and divide the maximum 
ordinate of the curve into any suitable number of equal parts. Through 
these points draw lines parallel to the datum line of the curve cutting 
the curve. From the points where these lines cut the curve, drop 
perpendiculars to the datura line. The points where they out the lino 
will^give the position of the stirrups. The stirrup where the maximum 
shear comes having been calculated the same material maybe used 
for all the other stirrups. If diagonals are used in addition to stirrups, 
they must be taken into account at the points of maximum shear which 
will be the points of support in ordinary cases. The spacing of vertioat 
stirrups should nowhere exceed the total depth of the beam. 

Arches 

For small arches up tr 50' spaa which may ba considered as' para- 
bo 1 iC| under a load uniformly distributed over the whole span, the curve 
of pressures will be parabolic. 

Let Z=span. 

rzzrise, which is practically the same as , the versed sine of the* 
neutral curve, 

w=load per square unit. 

n=horizontal thrust. 

R.=:thru 8 t at springing. 



^=■ 77 ^ 1 +-^. 

Both the horizoabal thrasb and the reaobioa at the Bpringing will" 
act at the neutral line of the aroh. The value of H and R being found 
the equations for colnmns under direct oompression may be applied ta 
obtain the sectional area of the arch at the crown and springing, allow¬ 
ing a pressure of say 30 tons per square foot. 

In this case of parabolic or approximately parabolic arches, where the 
loading is not 0 (^ 8 taat but may bovtaken to be nniform, the curve 06 
pressure for the dead load may be assumed to follow the neutral line in- 
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the .middle of the arch as before. The superimposed load may be as-- 
sumed bo cover half the span, as this loading causes jtbe,greatest bending 
motneat. The curve of pressure for this may also be assumed as pass¬ 
ing along the nentral line of the arch at the crown and the springing. 
This assumption will only be strictly correct for partial loading if the 
arch is hinged at crow n and springing. 

Taking w to be the dead load per scinare unit as before and patting 
w, for the superimposed load per unit. 

Hs= ~^{w + 2w^) 

\ (8«.+4W.) * 

ler -r 1/yj 

The maximum beading momenfe produced by the superimposed partial' 

load will be at a distance^'from the springing and will be 

thrust at this point will beto2seo 7> where 7 the angle 

made by the tangent to the neutral line with the horizontal at this 
point). To lind what the sectional area of the rib should be, it will have 
to be calculated as a ooloum under direct compression and transverse 
loading at this point. 

These equations will only apply to arches hinged at the crown and 
springing it the weight of the arch and roadway can be considered as 
uniformly distributed. The ratio of reinforcement may be taken to be 
something bet ween 1 and 1*5 per cent, distributed half near the intrados 
and half near the extrados. 

For arches without hinges, the approximate depth of the arch at 
the crown may be found roughly by a formula devised from the study of 
existing arches by Mr, F, F, Weld and published in the “Engineering 
Record*' of the 4th November, 1905, 

^==V^+’1Z+ *006 ^Cj+*C025 to. 

where (i=depth at crown in inches, 

J=:clear span in feet. 

^ w>i=exterior load in lb. per foot super, uniformly distributed. 

to=3 weight of the dead load above the arch ring at the crown 
per square foot in lb. 

The thickness of the arch ring at the quarter points should be IJ rf. 

The ratio of steel reiaforcemeut may be taken to be -0075 of the: 
sectional area at the crown, the reinforcement near the intrados and- 
extrados being generally equals 
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APPENDIX D 

Xminplu and lattiae girdtra ahawing thair daaign and 

caUxtlationa of strength of the different members 
EXAMPLE I 

Steel Plate Girder Railway Bbioqb fob 5 feet 6 inches GiVaa 

{Plate A) 

40 feet clear Span 

Oeneral Specification 

1. The bridge to be eatirely of steel, except that iron may be used 
for service bolts, packing and washers. 

2. The steel must be of suoh strength and quality as to stand the 
following tensional stresses, and to indicate the following percentages 
of elongation on fracture : 


Teosional 
stress per 
square inch 


Percentage 

of 

elongation 


Tons 


Steel in plates, either with ot»accos8 gc.vin, and in 
angle or other bars— 


n t less then 
or more than 

St^el rods for rivets and bolts— 
uot Jess than «• 

or more than «• 


27 

«1 


\ 

> 


20 


25 

28 


\ 


25 


Side and end shearings muse be taken as samples from every plate 
and flat bar and from as many angle and other bars as the Inspecting 
Engineer shall require. At least 20 par cent, of the samples so taken 
will be tested for tensile strength. 

3. The working stresses not to exceed the following limits per 
square inch ; for tension, 5 tons ; compression, 4^ tons ; shearing, 6 
tons; and for bearing surface, 8 tons. 

4. The length of span to be 4Gl feet clear, but for calculating the 
strength of the girder, to be considered as the length between oentres 
of bearing on abutments. 

6. The bridge to carry a single line of way, 5 feet 6 inf^hes gauge 
and to have the rails placed directly on the upper flanges of the girders, 

6. The live load to be as prescribed by the Oovernmeot of India 
^^or 40 feet spans, that is, 2*7 tons per foot run of span. 

7. The dead load to be th^ weight of steel in the structure, to* 
gether with the weigiit of 18 sleepers, each 4*86 cubic feet at 80 lb. and 
two rails 75 lb. per yard. 







8. The bridge tocooBbt of two loogitudinal plate girders^ deeigned 
to reiist tbe bending and shearing stresseSt and eaoh girder to be 44 
feet in length. The web*plate to be stiffened at short intervals by 
^vertical angle-irons. The girders to receive no lateral support from tbe 
abutment, and to be strongly connected to each other by 5 eets of 
vertical diagonal bracing spaced about equally over the span, as well 
as four sets of horizontal bracing attached to the top flanges. The 
rivets on the under sfde of the girders where these rest on the abut¬ 
ments to be ooantersunk. 

9. The girders to have a camber of one inch. 

10. All rivets in main anyle bars of flange plates to be | inch 
•diameter and to be of steel, and all riveting to be done in the work- 
ebops of the manufacturer, except the joints and fastenings, which are 
to bo made by turned bolts and nuts provided with hexagonal heads 
and ^ inch washers. 

11. All plates and bars must be carefully levelled and straightened 
before and after they are punched or drilled, and tbe edges of allplates 
must be planed dead true to dimensions. 

12. All screwed bolts are to be screwed to Whitworth’s standard 
thread, and no nut must fit too tightly to be turned by hand. The bead 
and nuts (except those for timber, which are to be square) are to be 
hexagonal* The head and body of all the bolts are to be forged out of 
one piece. 


Calculations 

Data-^ 


Cleat spaa ,, 

• • 

• m 

• « 

40 feet 

Bfieotive span between ceotces o( bearings 

• • 

a • 

42 „ 

Gauge of rails 

•• 

• • 

• • 

5 feet 6 inohes 

Depth of girders, ^fh of spaa 

• • 

a e 

• • 

S f eet. 

Live I oad, pec foot run 

Dead load— 

• • 

• e 

• • 

2 7 tons. . 

Due to Bteel pet foot run .. 

• • 

• • 

• • 

•26 „ 

„ sleeperi 18XV86X30 

• • 

• • 

a • 

2,624 lb. 

„ rails. 2X25 per foot run 

• • 

• • 

• • 

50 ,y 

Limits of stress—Tension, 6 tons; compression, 4^ i 
*6 tons; bearing surface, 8 tons per square inch. 

tons; shearing, 

Live load, 42X2"? 

Dead load— 

•• 

•• 

• • 

=sll3*4 tons^ 

Steel, 4ax*26 

• a 

a • 


= 10"6 „ 

Bleepers, 2,624 4-2 »240 

• • 


• • 

* 1*17 „ 

Bails (42X50-T-2.240) 

• • 

• • 

e • 

= *93 „ 

Dead and live load on two girders 

• • 

e • 

• • 

= 126*00 „ 

» •> 1 ) one girder 

• • 

a « 

• e 

e 68 ‘00 „ 
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Stresses on Jlanges-^Tbe streas on Banges at centre of span is ob* 

tained by the formula S = where S = strese; W = distributed 

load; L = length of span ; D =s depth of girder. Then 

S = 110*26 tone. 

The eeotioDsl areas required in the tension and compression flangea 
will be— 

^ • i. 

Upper flange in compression, ""7j~ == 24*5 square inches, 

Loiver flange tension, —^—=22*05 square inches. 

To provide for these we use for— 

Upper flange, 2 angles 4 X ^ X |... = 9'218 square inches. 

2 plates 16 X i|. •••• == 18*00 „ 

Total ... 27*218 „ „ 


jS ec area 

Lower flange, 2 angles 4 x 4 X | = 8*125 

2 plates 16 X fg = 16*03 


Total 


24*155 




One of the flange-plates may be dispensed with from a point, let 
U8 assume 12| feet from the cenbiKi. The stress at this point is found 

by the formula (Li—cc^) = S, where W = distributed load, D = 

depth of girder, L = span, x = distance of point from abutment. 

68 

Then S= 2X3xia'('^2 X ^*5—8*5*)= 71* 18 tons. The section!.! 

areas required will be— 

71 *18 

Upper flange, * = 15*81 arquare inches. 

Lower „ = 14*23 

The sectional areas left after removing one plate will bo— 

18 

Upper flange, 27*218 ■—-jj ss 18*218 sqaare inches, . 

Lower „ 2^*165 —ss 16*14,, „ 

We might likewise find at what point the remaining flange.platft 
could be stopped but the saving of material would be trifling, and 
greater rigidity will be given to the girder by its retension, It also 
provides a suitable attachment for the vertical and horizontal bracing. 
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To find the plaoes where a plate may be disoontinued in a flange, 
lihe moat expeditions and exact method is to construct a Bending Mo* 
ment Diagram and mark oS at once on the curve the points where the 
ordinate representing the Bending Moment is equal to the product of 
the sectional area reduced by a plate multiplied by the working stress 
intensity multiplied by the depth of the girder. This graphic method 
will no doubt be familier to students who have done their Applied 
Mechanics course and will not be further explained here. 

Shearing etreaeee —All the resistance to shear is supplied by the 
web and the rivets. The horizontal shearing stress is always equal to 
1»he vertical at every point of . the girdor. The vertical shearing stress 
is distributed over the'whole vertical section—not uniformly it is true 
but nearly so. The vertical stress is a maximum at the ends of the 
girder and a minimum at its middle. Therefore, if the total vertical 
shear at the abutments where it is equal to the reaction :half load) is 
divided by the area of the vertical section of the girder and the quotient 
taken as the unit vertical and horizontal shearing stress at every point 
of the girder, the error, if any, will be on the safe side. The rivets are 
designed on this hypothesis. 

Itivetd^ —The maj^imam shearing stress is at the end of the girder 
and is 63 + 2^31*5 tons, giving 3l"5-r3=10*5 4ons per foot 
run^ of the horizontal and vertical sections at that point. There 
must l:e ia the horizontal and vertical joint? of the web 10'5 -t-6 
=1*75 square inches per foot run of shearing section in the plates and 
rivets; and 10-5-r-8=l*31 square iuches of bearini? area. The 
shearing area of a J-inch rivet is ’6 square inch, and its bearing area 
7 7 

in a j-g inch plate is Jx square inch. In a vertical joint of the 

web then, we will require l’31-4--38=3*4 rivets per foot run, that the 
bearing area may be suflScient; and as the rivets shear in two sections, 
there will require to be l'75-r2c6)::=:r45 rivets per foot run, that the 
shearing area may be suflScient. Taking four rivets to the foot, there 

will be left in the plate (12x^)— (J X ^gX4)=:5*25 — 1*53 = 3*72 
square inches of shearing section per foot run, which ia more chan 
suflScient. 

We proceed now to consider the horizontal joint between the angles 
and the boom. In this there will also be required 1*31 square inches 
of bearing area, and 1*75 square inches of shearing area per foot run, 
and there are two rivets (one in each angle) in the width, each rivet 
shearing at one section. The bearing of the rivet in the angle is in this 
uase |X4=='5* square inch. There will be required 1*S1 -h'54=s 2*4 rivets 
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per foot mil to nive the oeoessary beariog; area, and l*5-~*d3s2*9 rivete 
toigive the shearing area, or rivets per foot run to each angle. 
practice it will be more convenient to space the rivets closer than this» 
On referring to the drawing it will be seen that the pitch is 4 inches. 

Joints in bottom boom —It will be observed that a joint occurs in 
one of the Bange plates 9J feet from the end of girder. We proviously 
found the strees at this point to be 71* 18 tons. Of this the angles, 
which are unbroken, will transmio a part proportional to their area» 
The net section of the broken plate being 8 015 square inches, ihe pro- 
portion of the stress to be catriel by the joint will be (8 015*i-16‘14) 
71*18=35’34 tons. There will be required, therefore, in the rivets on 
each side of the joint 35*33 -f-6=6*89 square inches of shearing area a ad 
35*344'8=5‘41 square inches of bearing area. The shearing area of 
I inch rivet being *6 square inch, the lea-st numhar of ri'^ets required 
will be 5*89-*-’6=:10 nearly on each side of the joint. The bearing 

9 

area of a J inch rivet on a - inch plat being *49 square inch, there 

will be required 4*ll-s-19=9 rivets to give a sufficient bearing surface. 

The Dombei of rivets provided eh mid be in excess of those shown 
as required by the calculations. 

On referring to the drawing, it will be seen that the joint is made by 
extending the outer flange-plate beyond the point where it mii^ht have 
been stopped. This is a better arraugement than attaching a separate 
plate. 

Shear of web —The web plate is of uniform thickness throughout 
It has been shown above to be thick enough to provide sufficient 
bearing area for the rivets at joints to resist the shearing stresses. The 
calculations to show it is stiff enough as a ^*long pillar'* to withstand 
the compressive stresses due to shear are of a simple nature and will not 
be taken up here, see Applied Mechanics Manual. The plate is thicx 
enough. 

No break occurs in the angles of the boom, these being rolled in 
lengths to suit the girder. A joint occurs in the web at the centre of 
span, but there is no shearing stress there, In practice it is always 
usual to cover the joint of web plate by a cover plate on each side. 

The bracing which secures the two girders to each other is formed of 
two transverse angles running across the top and bottom booms, bo which 
the diagonals of the vertical bracings are attached. The angles of the 
horizontal bracing are 3" These arejastened at each side to 

the flange*plabes and connected at the centre by a joint plate. The 
use of them is to keep the girders truly parallel to each other. 
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The other details of construction will be understood by an examina*^ 
tion of the drawing and need no further description. 

Example II 

Iron Lattice Girder Bridge fob Second Class R ud 


{Plate B) 

60 feet clear Span 

General Specification 

1, The bridge to be entirely of wrought-iron except the bed-plates 
which may be of cast-iron. The wrought-iron mnso be of such strength 
and quality as to be equal to the following tensional strains, and to 
indicate the following percentages of contraction of the tested area 
at the point of fracture and percentages of elongation : 



Tension 

stresses 

pet 

square 

inch 

Percent¬ 
age of 
contrac¬ 
tion per 
square 
inch 

Percent¬ 
age of 
elonga¬ 
tion in 

length 

of 10 
inches 

1 

Tons 



Round, square flat bars under 6 inchts wide 

24 

20 

16 

Angle, T-bare and flat bars 6 inches wide'aud upwards 

22 

16 

12 

F'latea .. •• •• •* *« 

21 

10 

8 

Hates aorosa grain 

18 

5 

1 

4 


2. I he working stress per square inch to be for tension 4?^ tons 


and for compression 4 tons, for all work except the lattice bars, for 
which the stresses will be 4 tons for tension, and 2J tons for compres¬ 
sion; for shearing, the stress to be 6 tons, and for bearing surface 


8 tons. ' 

3. The length of span to be 60 feet clear, but for calculating the 
strength of lattice girders tu be considered as the length between the 
centres of bearings on abutments. 

4. The clear width of roadway, that is, the distance between kerbs, 
to be 12 feet. 

5. The live load to be taken at 112 lb. per square foot of roadway ; 
and the cross girders to be designed to bear a gun carriage considered 
as a central load of 3 tens on each cross girder. 

6. The dead load to be the weight of iron in the structure, and the 
metalling of the roadway, which is not to exceed 6 cwt. per foot run of 
bridge, 

7. The bridge to consist of two longitudinal lattice girders having, 
the roadway between them, and to be designed for the loads specified. 
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8 . The roadway platform to oonsist of cross girders sapporlied on 
'4)he bottom booms of the main girders. The flooring to be of buckled 
plates ^ inch thick and the width of each plate not to exceed 3 feet. 
These are to be riveted to the cross girders, and to longitudinal 
angle-irons at sides of each plate. A kerb plate of iron is to be provided 
at each side of the roadway. 

9. The alternate cross girders are to he prolonged beyond the 
outside face of each lattice girder, and a support is to be made there- 
trom to the top boom of the lattice girder, to give it lateral stiffness. 

10 . The riveting of the lattice girders to be generally }-inoh,.except 
in lattice bars, in which the rivets must be proportioned to the stresses 
on them; in the cross girders the riveting will be f and in the floor 
plate |-inoh. All rivets are to be cup-headed at each end, and the beads 
are to contain not leas than 1} diameters of the rivet. Where neces¬ 
sary, for the division of the work for transport, the rivets are to be 
left out, but the holes must, in all cases, be drilled ready for riveting. 

11. All plates, bars and angle-irons must be carefully levelled and 
straightened before and after they are punched or drilled. All dead 
edges of plates and the ends of all angle-irons and bars must be planed 
true to dimensions. 

12 . The underside of the bearing plates must be perfectly level 
and the rivets countersunk. All bed-plates are to be absolutely flat 
and the guiding edges planed and made truly parallel. 

13. All bolts are to the screwed to the Whitworth standard thread, 
and no nut must tit too tightly to be turned by hand. The heads and 
nuts of all bolts to be hexagonal, 

14. The bridge is to be erected in the workshops of the manufac¬ 
turer, so that accuracy of 6t and perfection of workmanship may be 
assured. 

The whole of the iron-work, with the exception of the bolts and 
rivets, is to be scraped perfectly free from rust, scale and dirt and 
then brushed all over with boiling hot linseed oil. It is afterwords to 
l>e painted with two coats of gooi oil paiub, the first being of red lead 
nand the second of some approved colour, 

Caloulalioud 

Data— Feet 

Olee r span •• .• ,, ,• ,, CO 

Effective spanjbetween oeatrea of bearings .. 62^ 

Oieacjwidth of roadway •• ,, 12 

Depth of main girders to centres of booms :^th of apaa .. 4 

lo 

llepth of cross girdere •• •• ^ •• 1 

DjUtanee apart ef orose girders •« *• 4 
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(Limit of itcMi per iquace inoh,tensioni 4^ tone ;[oompreitloD» 4 tool; ihear* 
ingi 6 toDB; and for bearing lorfaoe, 8 tons* For lattioe ban in teneion, 

4 tong i oompresBion 2} tons. 

I—Cross Girders 

^Dead load on one ,bay-^ 

lb. 

Iron work, 12X4X82 .. .. .. .. - 1,536 

Metalling, 4X6X112 .. .. *. .. » 2.688 


Live load on one bay— 

Due to oiowd, 12X4X112 


Total .. 4,224 

or 1*88 tone. 

.. .. 6,876 


Total dead and live load .. 9,600 


Ihe load dae to a gua carriage is 3 tons at centre, which is equal 
iio a distributed load of 6 tons. This is greater than the live load due 
to a crowd and must be adopted. The maximum dead and live load is 
therefore 6 + l*88=7*88 tons. 

Stresses on boom at centre— 


S 


WXL _ 7*88 X IH 

8D sin 


= 13*25 tons. 


Sectional areas required— 

Lower flange in tension, lil^®=z:2*93 square inches. 


Upper flange in compression, ir = 3*26 square inches. 

Sectional area provided— 

Tension flange, 2 A. I. 2Jx2Jx|=3 square inches net area. 

Compression flange, 2 A, I. 2|x2J;^|=3*4»6 square inches. 

The bearing aud shearing area of the rivets at the ends may be 
oaloulated in the same way as in the previous example, and need not be 
repeated here. The minimum section of plate for the web cheit would 
be adopted in practice is J-inoh, and for rivets f at 4-iDch pitch which 
would give more than su0Boient area for the stresses in the girder. 

II—Main Oirdera 

Dead load— 

This may be found approximately by the rule given on page 99. 

ySpan square ^ ♦ 8 = fM -8 = -1682 tons 

\ 600 ^ lOO / V 600 ^ 100 / • 

per foot run, for both girders. 
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Then, . 

Welghi'of one girAer ==( 69 tx •i 68 a)-r 2 
n w plntform (1*88—2) 15 •• 


s 5*1 tons. 
= 13*72 

18*82 


Live load— . 

1?he erea of roadway being 61(X12as750 equate 
feet| and live load 112 lb* per equate foot the 


live load on one giidet will be 


760X112 


2X2240 
Total dead and live load 


.. = 18*75 tona^ 


= 87-57 


Stresses on flanges at middle of girder— 

8== .. .. = 78*87 tons. 

8D 8 X t ' 

Sectional ar^a required in flanges at middle of girder— 

,, » 18*84 square inohea^ 


^ . . 78*87 

Upper flange in oompreseion, —^— 


Lower flange in tenalou, 


78-37 


Sectional area provided— 
Upper flange 2 Oh. 1, 7JX3Xf 
2 plates 15Xf 


Lower flange 2 Ob. 1, 7fX3X| 
2 plates 15X1 


• • = 16*80, ff ft 

,, =s 9*75 square inohes. 
.. = 11-25 ,, ,, 


21*00 i» ii 

Net area 

= 9*18 square incbea. 
= 10*125 


19*805 


One of these flaDge*-plate8 may be dispensed witb^ let us assums at 
16J feet from the ceatre, the stress at this point will be (L® — x*y 


!-iL«|l_(62}Xl6—16»)=s63-68 tons. 

2 X«X6Jli ' ’ 


Seotional area required in flanges— 

63*63 

• • • • 


Upper flange, 
Lower ,t 


18*88 equate inohes. 


11*89 


The seotional area left on removing one plate will be— 

ts 15*88 square inobest 

10*126 


tI*25 

Upper fiange» 21*00— 


Lower ^ 19*806-*' 


14*948 
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We come now to consider the strains on the ireb. The simplest 
method of obtaining these is by tabulating the strains prodoced by each 
weight separately, ^be total load on the girder being 37*57 tons, there 

is on each apex S7*57>^16, say 2*5 tons. Tracing the action of y it is 

seen that in the bar~ a there is a load W =2*5x ^ 33 tons 

produoiog tension, and in jbbe bars towards the right abutment^ there is 

a load W s32*6x ^ 16 ton producing compression in these bars, 

and 80 on for the other weights. (All bars inclined down to the nearest 
support are in compression, those inclined down from the nearest 
support tension.) In tabulating the strains only those bars 

which incline in one direction need be considered, for the others are 
strained similarly and equally. 

In the following table + indicates oompression and — tension. The 
numbers are the loads on the bars. For the strains, the loads must be 
multiplied by secant 45®= 1*4, The rows (maximum + and maxi¬ 
mum •— ) are obtained by adding the + values together, and the — 
values together respectively in each vertical column, The row (uniform 
load) is the algebraical sum of the values in the vertical columns. 



Diagram of loads 
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Snd pillars 

Each of the end pillars are posts in oompression under a load of 
18*78 tons. They should be designed as “ long pillars fixed at the two 
ends.” The bar used is a channel iron 7| x 3" X this may be 
tested for sufficiency, thus— 

Area of ohannel = 4{ sq. in. Least diameter of channel 8 inches. 

Length of pillar a 48 inohea •. Working stress 4 tons per square inch. 

Safe load by Gordon’s formula =-- sz 18 tons. The 

‘ + -5ao<'»‘ 

actual load is 18*78 which is safe enough as the working stress has 
been taken rather low. 

Bats in tension 


Bar 

LoadXl*4=:Stre88 

Limit 

Bectional 

area 

Area provided 


Tona 

Tona 

Sq. inches 

Sq. inohes. 

1 a 

9-9i X 1*4 = 13-00 

4 

3-25 

•2 (4J- 1)1 = 3-62 

2 h 

8-ia X 1*4 = 11-86 

4 

2*84 

CO 

11 

HR 

1 

3 0 

6*80 X 1-4= 9-62 

4 

2*38 

a (3i —J)i = 2*75 

4 d 

6-63 X 1*4 = T’88 

4 

i 1*97 

2 (3 — f)i =• 2-25 

5 0 

4-32X1-4= 6-04 

4 

1-51 

2 (3 - }) i = 1-68 

6/ 

8*14X1'*= 4-39 

4 

1-09 

2 {3 -i)4 = 1-12 

7 9 

1-83 X 1'4 = 2-69 

4 

•64 

2 (3 — J)i = l-ia 

8 h 

-66 X 1*4 » -92 

4 

•23 

2 (3 — J) 4 = 1M2 


These bars are attached tu the channels by three rivets iu each. 
The shearing area of rivets required in bar 1 a is ^ .=;1 *08 square 

inches and in 8 c -r * — .79 square inch. The area of three j>inoh 

rivets is 8 X *6 =rl*8 square inches and of three f-inch rivets 8 X *4i4 
ssl *32 square inches. The bearing surface required on rivets in bar 

1 o is =s *81, and in bar 3 0 ■ 'T — *60 square inch. The 

8 4 

bearing areas of these rivets iu a l.inoh plate are 3 X { X i = ‘98 
square inch and 3 X f X # = *80 square inch. 
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Ban in compression 


Bars 

Loaaxi*t=Btrssg 

Limit 

k Seotlonal 
area 

Area provided 


Tone 


B^s inohes 

6qs inohes 

9 i 

*66 X 1*4 = *92 

■■ 

•86 

2 A. I. 2X2X4 = 1-87 

10 J 

1*88 X 1*4® 3'66 

24 

1-02 

2 3X2X4 = 1’87 

11 k 

3*14 X 1*4 s 4*89 

24 

1-75 

2 2X2X4-1*87 

12 1 

4*83 X I'i s 6‘04 

24 

2*41 

2 2X2X1 = 2*71 

13m 

6-63 X 1*4 s= 7-88 

24 

3*16 

2 „ 8X3X1 = 8*46 

14 n 

6-80 X 1*4 = 2- 32 

24 

3’80 

2 3X2X1 = 4*21 


812 X 1*4 s-11' 86 

24 

4-55 

2 „ 4X2X1=4*86 
lo 


The rivets in these bars will be the same as those in tension bars. 

Joints and hot tom boom—Two joints occur in the channel irons of 
the booms. The net section of one is 4 * 59 square inches, and the 
proportional stress will be 4*59 x4|=: 20*65 tons. The shearing 
area being 20*65 6 = 8*4 square inches, the number of rivets 

required on each side of joint will be 3*4 -h *44, say 9 nearly. The 
■bearing area of a |-inoh rivet on a f•ioch plate is { X f s *28 

square inch, and the number of rivets required will be ss 10 

nearly. 

For the joints in the plates of the boom, the net section of one plate 
'being 5*062 square inches and proportional shearing stress 6*062 X 
4 )s= 22'17 tons, the number of rivets required for shear will be 

bearing surface we require say 10. 

Similar joints should be provided for the plates and ohaunels of the 
upper boom, the batting edges of these not being depended on for 
'resisting compression. 

The general design and details of construction will be seen on the 
Plat6> The channel irons of the upper boom are prolonged over the 
abntments, and are connected to two vertical plates stiffened by angle* 
irons and channel irons, which forms a strong pillar r>n the abutment. 
These pillars are at one end made fast to the bed^plates, and slide on 
'theih at the other end, thus providing for the expansion of the iron 
work. 
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The cross girders of the flooring rest on the upper edge of the 
ohaunels of the lower boom to whioh they are riveted. The bookled 
plates (4^ X 2|0 span the distance between the cross girders, and are 
riveted to the upper flanges of these, and at the sides to the logitndinal 
anglo’irons which extend throngh the full length of the flooring. The 
safe distributed load on a buckled plate is given by Molesworth as 
*5 ton per square foot, and for 10 square feet each plate should therefore- 
be able to support about 5 tons. 

In the construction of the lattice girders a camber of inches 
should be given. This is effected by making the spacing of the lattice 
bracing in the top boom slightly greater than in the lower boom. 
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PLATE IV. ' 











































PLATE V. 















PLATE VU 



4^R5.'1f4r-ntSft. 


PILE WITH 4?R0INARY SHOE. 
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UTTICE GIRDER BRIDGE. 

60 FT. SPAN 12 FT. ROADWAY. 
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